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Manganese, though an essential trace element in 
animals, is kncwn to produce harmful effects when its 
excessive amounts reach in the body tissues. Manganese 
poisoning mainly occurs in men employed in manganese 
?r.ines and in factories where manganese is used in huge 
amounts, fhe clinical cases of manganese poisoning 
were reported for the first time by Couper (1337) anions 
the workers engaged in the grinding of manganese dioxi<ie 
in a factory manufacturing bleaching powder in Scotland. 
In minor cases, air pollution by manganese in certain 
limited areas around ferromanganese plants have raised 
concern in certain countries like USS;{ and Italy where 
instances of hazards by air borne manganese have been 
reported, 
The problem of manganese poisoning is alarming 
and of great concern to all the countries of the world 
which produce manganese are and those who use manganese 
compounds for various industrial purposes. In this 
context USSR, south America, India, South Africa, 
iihana, Cuba and oroc-io, which are among the chief 
countries producing manganese ores, face great risk of 
manganese poisoning to tlieir workers in manganese mines 
and factories using manganese compounds, 
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Tae problem oi' manganese poison Ln^ is also of 
ireat concern to all concerned with human welfare, 
public health and industrial hygiene. 
'•
;,ue clinical manganese poisoning manifests itself 
in a chronic disabling condition involving raainly the 
neurological system, hanianese selectively acts on the 
nervous system though its concentration in brain uas not 
been found to be higher than other organs of the body. 
••' = e ex'v*ri,:aental studies have sho^ vn that manganese 
produce .'iochemical lesions in the brain and other 
ho?iy organs. espite these studies, there is paucity 
of knowledge on the mechanism and initial site of action, 
early diagnosis and chemotherapy oi" manganese poisoning. 
i'he toxicity of manganese, therefore, needs 
iurther experimental studies to find out pathogenesis 
of manganese toxicity, snethods for its early diagnosis 
and chemotherapy. 
The present s t u d i e s were, t h e r e f o r e , conducted vith 
the above c o n s i d e r a t i o n to understand the pathogenesis 
oi* manganese t o x i c i t y and to evolve a toss ib le d i a g n o s t i c 
method for manganese poisoning,. "he s t u d i e s conducted include 
his toenzymic and his tomorphoio i c a l s t u d i e s on kidney 
and t e s t i s and biochemical e s t i m a t i o n s of serum calc ium, 
i no rgan ic phosphates and a l k a l i n e ohosphatase toge ther v i t h 
histosflorpholoay of r e l a t e d endocrine the para thyroid and 
bone to exp la in tue pos s ib l e mechanisti underlying the 
biochemical changes observed. 
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Tlie present studies elucidate the initial site 
of action and pathogenesis of manganese on the renal 
and testicular tissue. The mechanism of altered serum 
calcium, inorganic phosphates and alkaline phosphatase 
has also been discussed with their possible application 
in clinical diagnosis of early manganese poisoning. 
The present studies will be of great help in 
future studies on the problems pertaining to toxicity 




manganese is an important metal widely distributed 
in tlie plants, animal tissues, soil and water. TUe 
deposits of manganese are found in the form of ores, 
the most important of which are pyrolusite (vn()f)), 
braunite (;>n,,0 , 3:\ino03.vnsi03) , hausmannite i ;, n.^ 0 ), 
rhodonite (:HnSiO„) and manganite (vnOOH). The chief ore 
protlicing conntries are Russia, South America, India, 
South Africa, Ohana, Cuba and Morocco. In India extensive 
deposits of manganese ores are found in Bihar (singhbhunO, 
Gujrat (Oaroda, Panch Mahal), Mysore, trrssa, najasthan 
and vest Hengal. According to the latest Miniates the 
total reserves of manganese ores arp .ho it 108 
million tonnes (Times of India Directory and Year Hook, 
Times of Jndia Press, Bombay, 1972). The deposits in 
the main belt of Nagpur, Uhandara and Balaghat alone contain 
reserves of the order of 4 2 million tonnes. bit of the 
total output only a part of manganese ores is used in 
India and the rest is exported to !.'.S.A., -'.ft. and 
Japan. The foreign exchange earned by export of 
manganese ores come? to
 vorth rupees millions. 
In India, the manganese indus ry according to the 
latest estimates employs over one lac workers which are 




Chemical syraboI \; n 
\toraic number 25 
Atomic weight 54.H3 
specific gravity 7.? 
Oxidation states Right (0, +1, +2, + 3,+ i,*-5± 
Industrial uses: Manganese ores are used for various 
industrial purposes such as: 
(i) In the manufacture of alloys with iron, like 
ferromanganese and also with copper, zinc and 
aluminium. 
(ii) In the manufacture of dry cell batteries. 
(iii) In the manufacture of potassium permangnate 
which is a widely used disinfectant. 
< iv) In ceramic industry - to decolourise glass. 
(v) In the manufacture of various kinds of paints, 
varnishes, inks, and dyes including those usert 
in Calico printing. 
(vi) In the manufacture of matches and fire works. 
(vii'i As fertilizer in agriculture to enrich manganese 
deficient soil. 
(viii) organic manganese compound methyl cyclopentadienyl-
manganese tricarbonyl (MCT) is used as an additive 
in gasoline fuel and diesel for use in internal 
combustion engine and turbine engines. 
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ore extraction and factory conditional The extraction of 
ore involves many phases i.e. dry drilling, blasting, 
sorting and crushing etc. The exposure to ore dust 
in various phases of mining processes, besides exposire 
to manganese compounds used in other industries, are 
liable to produce chronic manganese poisoning in workers. 
The workers handling manganese ores are covered with 
ore dust while opportunities for washing are limited in 
their remote villages. According to ilodier (1935) 
drilling blast holes is the most hazardous phase in the 
mining processes. 
Heside? ,'xpos re to manganese ore dust, 
physioo-chcmi- I property and size of the dust particles 
are believed to be important factors in manganese 
poisoning as only atmospheric contamination by ore dust 
does not seem to be the only factor. According to 
itodier (1955) fresh dusts obtained from drilling stone 
ores were more toxic than the old or dead particles, 
which undergo physicochemical modifications such as 
superficial oxidation, alteration of surface 
electric charges which might diminish its toxicity. 
The clinical cases of manganese poisoning were 
reported for the first time by Couper in 1S37 among 
the workers engaged in the grinding of manganese 
dioxide in a factory manufacturing bleaching powder in 
Scotland. In India the cases were detected by Miyogi 
(19">S) among underground drillers in manganese mines 
in the district of Chhindwara (Madhya Pradesh). This 
lead to the appointment of an expert committee by the 
Government of India to investigate and report the 
causation, extent, diagnosis, treatment and preventive 
measures in regards to manganese poisoning amongst 
workers engaged in manganese mines, where the dusts 
contents of the environment constituted the chief hazard, 
Ahe enquiry committee in its report published in 1960 
(Heport ) concluded that mangansse intoxication amongst 
miners was only a problem due to improper measures of 
dust control, 
In 1961 (lieport ) an environmental cum medical 
study was carried out at the insistence of Maharastra 
Government in view of the persistant complaints of ill 
health from the employees of a plant manufacturing 
ferro-manganese alloys. The idea of this study was to 
find out the seriousness of poisoning when the manganese 
fumes constituted the chief hazard. The air sampling 
studies around the blast furnaoe, where the principal 
hazard was manganese fumes, and the other locations were 
carried out. It was found that the atmospheric 
concentrations of manganese were high at a few locations 
Att the time of tapping. 
Among other factory conditions i.e. in welding 
operations the fumes arising in metal arc welding may 
contain manganese compounds which originate from the 
electrode coating, the electrode metal .^ nd the base 
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material. The manganese fumes enter as its oxides. 
The concentration of manganese in the welder's breathing 
zone are low in open shops whereas in confined spaces 
the concentration are many times over toxic limits 
(Tolonen, 1972). 
The industrial threshold limit values (TuV) for 
6 hours for manganese in some countries (Tolonen, 1972) 
have been shown in Table 1, 
Manganese and Environmental Pollution 
A few reports regarding health hazards due to 
the air pollution with manganese near ferromanganese 
plants have caused a great concern recently. In USSR 
residents living within 500 m of a plant have complained 
unfavourable effects of manganese dust in the atmosphere. 
Children in that area had ear, nose and throat problems 
(Sullivan, 1969). Likewise in Italy increased frequency 
of pneumonia near a metallurgical plant emitting 
manganese dust has been reported (Pancheri, 1955). 
However, these reports and their possible relationship 
to the air borne manganese is not certain. 
Metabolism of manganese; 
Manganese is an essential element for both 
plants and animals. In plants it is mainly concentrated 
in the reproductive parts. Seeds are specially rich 
9 
Table 1 
Ti.V (8 hours) in some countries. 
Gim 
Y o g o s i a v i a 
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5 . 0 
5 . 0 
5 . 0 
2 . 0 
0 . 3 
0 . 3 
0 , 3 
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in manganese contents. Among foods nuts have the 
highest contents (22,7 pp.M) of manganese (urowning, 
1969). 
In animals within certain concentration 
manganese stimulates respiration of tissues (von 
Oettingen, 1935). Deficiency of manganese in animals 
is known to produce defective growth, bone abnormalities 
and reproductive and nervous disorders (Browning, 19(59). 
in birds manganese deficiency produces porosis, 
characterized by deformity of the bone and dislocation 
of the achilles tendon (wilgus et al., 1936; vilgus 
and Catton, 1939). 
In mammals ovarian dysfunction, testicular 
degeneration and high incidence of abortion are frequent 
in cases of manganese deficiency (Bentley and Phillips, 
1951) Plumlee et al.t 1956). The disorders of the central 
nervous system in mammals include lameness and loss of 
equilibrium. 
The man*s daily requirement of manganese is 
estimated to be at 1.2 rag which is easily obtainable from 
the freely chosen diets and therefore, the deficiency 
of manganese is unlikely to occur. 
.Manganese in the body is stored in the organs 
rich in mitochondria such as liver, kidney and pancreas. 
In a recent study (Wong and Fritze, 1969) pineal gland 
has been found to be the richest in manganese contents 
among 11 different parts of the brain. 
(a) Modes of absorption; Absorption of inhaled manganese 
is through alveolar mucosa by the scavanger activity of 
alveolar phagocytes. Dusts of less than 5 microns 
reaching the alveoli come in contact with the phagocytes, 
which after ingesting them, enter the general circulation 
through lymphatic channels (tiodier, 1955). The Inhaled 
manganese is also transferred to the intestine 
(Mena et al., 1969). Absorption of manganese through 
gastrointestinal tract is slow and incomplete in normal 
conditions, chiefly because of low solubility of manganese 
in the gastric juice. Sufficient absorption can only be 
achieved with large doses which however, produce 
gastrointestinal injury (von Oettiugen, 1935; Chandra 
and Imam, 1973). The absorption of manganese through 
the intestinal wall appears to be an active process and 
is almost similar to the absorption of iron (Mena et al., 
1969). Alterations in the iron absorption and excretion 
are reported to influence parallel changes is the 
manganese metabolism (l)iez Kw?<ld et al., 1968). The 
2+ 
absorption of most \in is through duodenum where it is 
oxidised to Mn * in the mucosa (Sandstead et al., 1970). 
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The absorption of inorganic manganese through skin 
is negligible (Rodier, 1955), but the organic compounds of 
mo.iganese (i.e. MQt) are absorbed through intact skin 
(Sullivan, 1969). 
(b) Circulation; The absorbed manganese Mn is bound 
to specific plasma y3-l-globulin transport protein, the 
transmagnin (Cotzias, 1964; Gotzlas and Papavasiliou, 
19G2) or transferrin (Keefer et al., 1970). In the red 
blood cells the manganese combines with the porphyrin 
molecule (»org and Cot-; las, 1958). The serum level of 
manganese remains relatively constant in an individual 
and the massive administration does not increase 
manganese level to a great extent (Mahoney et al,. 1969). 
Injected manganese (Mn3 ) rapidly disappears from the 
blood and is concentrated in organs rich in mitochondria 
(Borg and Cotzias, 1958). Manganese both intracellular 
and extracellular constitute the labile pool which is 
freely exchangeable (Schroeder et al., 1906) and is 
maintained in dynamic equilibrium by an unknown 
mechanism (Sandstead et al., 1970}. 
(c) Excretion: The main route of excretion is 
gastrointestinal tract. Besides, kidneys, hair also 
assume as minor organs in the elimination of manganese. 
(i) Feces: Almost 95 to 98i of manganese is 
excreted in the gastrointestinal tract, manganese in liver 
combines with bile salts which is excreted in the intestine. 
Some of it is again reabsorbed and utilized(Maynard and 
Fink, 1956; Papavasiliou et al., 1966). The pancreas 
also eliminates some of the manganese through pancreatic 
juice in the intestine. If the passage of manganese 
through liver is blocked the pancreas concentrates 
manganese and maintains its homeostasis (Tolonen, 1972). 
Intravenously injected manganese (Mn ) is excreted at 
the rate of 5 during the first day and even less 
thereafter (Mena et al., 1969). However, excreted 
manganese in feces reflects both the amounts not absorbed 
and the amounts absorbed and excreted. 
(ii) Urine; Normally very little manganese is excreted 
in the urine (k'ehoe et al., 1940). However, in excessive 
manganese exposure the urinary excretion is much higher 
(Tanaka and Lieben, 1969; Tolonen, 1^)72). 
(iii) Hair: Hodier (1955) considers hair as the second 
important route for the elimination of manganese. Simons 
and Meyer (1971) have reported that the chest hair have 
manganese concentration three times more than the 
concentration in the scalp hair. 
Retention of manganese is not common. However, 
some manganese may be retained in the body in the melanin 
granules in the central nervous system and pineal body 
(Cotzias, 1964; Cotzias et al., 1964; ivong and Fritze, 
1969). 
14 
Toxicology of manganese poisoning; In acute toxicity 
manganese produces metal fume fever caused by inhalation 
of manganese (Browning, 1969). In chronic poisoning 
manganese is primarily a nerve toxin and it produces 
psychic and neurological disorders. Manganese poisoning 
is generally chronic which is slow and progressive. It 
usually takes few months to years to develop neurological 
syndrome after manganese exposure. However, in some 
cases symptoms may develop after one or more months of 
work or may even appear suddenly within a week accompanied 
by severe lumbar pain (aodier, 1955). 
The clinical cases of manganese poisoning have 
been classified into three phases by (todier (1955). 
(i) The prodromal period: The first disorders are 
subjective which are nonspecific m such as heavy tiredness 
muscular pain and weakness, headache, mental excitability 
and muscle spasms etc* The signs may, however, vary 
from patient to patient. 
(ii) The intermediate phase: In this phase certain 
objective symptoms may develop. The earliest symptoms are 
disturbances o£ speech such as monotonous voice, lacking 
pitch and modulation. Words are slow, irregular and 
badly articulated. The laughter is spasmodic. Loss 
of coordinated movements begin. Climbing or descending 
ladder becomes difficult. Backward walking becomes 
more difficult and in some cases is accompanied by 
retropulsion and loss of balance. 
(iii) The established phase: After the intermediate 
phase within a few months the disease manifests itself 
by an increase in both subjective and objective symptoms, 
At this stage muscular hypertonia in extension is the 
essential symptom dominating the clinical picture, 
Hypertonia is expressed as muscular rigidity seen as 
a slow spasmodic, staggering and sometimes high stepping 
or swinging gait* Slowness of speech, loss of memory, 
impotence etc* are other features of established phase* 
The neurological symptoms are difficult to 
observe in experimental animals, intoxicated with 
manganese* F.fforts have been made by various workers 
to reproduce human manganism in animals* Mella (1924) 
produced Parkinsonian syndrome in monkeys by intra-
peritoneal administration of manganese chloride, A 
more successful attempt to reproduce human manganism 
was that of van Dogaert and Dallemagne (1945) who used 
manganese in the form of aerosol. The animals showed 
initial acute symptoms i.e. alternating sudden movement 
and torpor, nervousness and severe tremor, yawing, 
cyanosis etc* later after five months the animals 
developed severe nervous syndrome such as uncertain 
gait and paresis, Chandra (1972) produced experimental 
model of manganese toxicity by intratracheal 
administration of manganese dioxide in rabbits* The 
rabbits after 12 to 16 months became increasingly 
lethargic and inactive* At the interval of 19 to 24 
months hind limb paralysis occured in rabbits (Fig, 1). 
1 " 
Fife. 1: (a) A c l inical case of advance manganese 
poisoning showing typical pattern of 
gait "cock walk". 
(b) A rabbit showing paralysis of the 
hind limb after 19 months of intra-
tracheal inoculation with manganese 
dioxide. 
(By courtesy: Dr. Satya V. Chandra ) 

Pathogenesis of Manganese toxicity is not very 
well understood. Rodier (1953) carried out many 
investigations on sick, suspect and healthy subjects. 
Laboratory investigations revealed increase in white 
cell count and in the basal metabolism of the body. The 
rate of excretion of 17-ketosteroids was found to be 
decreased. Anaemia preceded by hyperglobulia have 
also been described (Leclerq, 1934; Lyon-Caen and 
Jude, 1934). 
The selective action of manganese on the central 
nervous system is known, since 1837 but the underlying 
mechanism is not well understood. T^e early biochemical 
and histological changes in the human brain dus tc 
manganese toxicity are not known. Very few autopsy 
reports are available in the literature, which have 
dealt with the brain pathology in chronic manganese 
toxicity. 
Canavan et al. (1934) observed atrophy of the 
frontal lobes with marked gliosis in the ceils of optic-
thalamus, globus pallidus and caudate nucleus. Van 
Uogaert and Innes (1962) described degeneration of the 
cortical layers, dentate nuclei and the olives, with 
total cellular disappearance in cerebellum. Pentschew 
et al. (1963) have described in monkeys holotropistic 
alterations involving the subthalamic nuclei and the 
pallidum with proliferation of bizzare glial cells 
called immature glia all over the cerebrum and the 
cerebellum. 
The characteristic pathological lesions in ail 
these studies is the destruction of the cells of basal 
ganglia. However, the development of brain lesions and 
the mechanism responsible for their production is not 
known. 
However, efforts have been made by various 
workers to explain the mechanism of action of manganese 
on the CNS. Saxena (196?) after injecting manganese 
chloride directly into the subarchnoid space of rats 
found localized changes in the cortex in the form of 
pyknotic nuclei,*vacuolated cytoplasm with focal neuronal 
loss. The paucity of marked histological changes in the 
basal ganglia and their presence in the cortex is highly 
suggestive of cortical involution in the initial stages 
of manganese toxicity. 
Chandra and Srivastava (1970) similarly produced 
lesions in the cerebral and cerebellar cortex of rats by 
injecting manganese chloride intraperitoneally and 
demonstrated direct relationship of brain lesions to the 
amount of manganese present in the brain tissue. They 
found maximum number of degenerated neurons present when 
the amount of manganese in the brain was at its maximum 
thus indicating that the extent of damage was directly 
related to the manganese present in the brain. 
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Chandra (1972) produced manganese encephalopathy 
in rabbits after intratracheal administration of 
manganese chloride* She found wide spread neuronal loss 
and neuronal degeneration in the cerebral cortex, caudate 
nucleus, putamen, substantia nigra and cerebellar cortex 
associated with astrocytic proliferation. The histochemical 
changes found were inhibitory effects on the acid 
phosphtase and adenosine triphosphatase in the affected 
neurons in chronic toxicity. She concluded from her 
studies that manganese in the brain was particularly 
localized in the neurons and not in the other structures 
of the brain. 
The biochemical studies on the protein pattern of 
serum in manganese toxicity have been studied by 
f fas sane in et al. (1966) and Mustafa and Chandra (1972) 
Hassanein et al, (1966) in seven cases of chronic 
manganl8m in humans found a decrease in total serum 
protein, where albumin: globulin ratio was lowered due 
to reduction in albumin and increase in globulin fractions. 
wjstai'a and Chandra (1972) though found increase in total 
proteins there was similarity between increase in 
globulins both in human manganism and in manganese 
treated animals. The later workers have suggested that 
the increase in globulins in manganese toxicity may be 
due to t|K formation of manganese globulin complex, in 
est*' obtained from the manganese treated rabbits, there 
was mirked reduction in the total protein due to low 
concentration of albumin and globulins. On the contrary 
Mena et al. (1967) in a few human cases of manganese 
toxicity have reported an increase in total CSF proteins. 
Mustafa and Chandra (1972) have also reported marked 
elevation in adenosine deaminase in CSF of experimental 
animals suggesting that this test may be used as a 
clinical diagnostic index in patients with chronic 
manganese poisoning. 
\iustafa and Chandra (1971) have also shown that 
the concentrations of dopamine and norepinephrine are 
considerably lowered whereas no change in 5-!JT level 
occurs in rabbits intoxicated with manganese. Similarly, 
a large number of reports by various other workers have 
shown biochemical alterations and histopathoiogical 
changes in other body organs i.e. liver, testis, gastro-
intestinal tract, kidneys and adrenals (Ilin et al., 1940; 
Hurst and Hurst, 1929; Chandra, 1971; Chandra aftd Imam, 
1973; Jonek et al., 1965; Imam and Chandra, 1974; Chandra 
and Imam, 1974). 
Treatment of manganese poisoning 
In the treatment of manganese poisoning L-dopa 
has been found to be the most effective drug (Editorial, 
Lancet, 1970: Mena et al., 1970; Rosenstock et al,, 1971). 
however, metal binding agents like COtA have also been 
tried. These agents increased the excretion of manganese 
in the urine (Barborik and Sehnalova, 1967; Folprechtova 
et al., 1970; and Penalver, 1957). 
CHAPTER II 
\'ER riNEST LITfcilATUKE 
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This review of literature chiefly deals with the 
pertinent information regarding the toxic effects of 
manganese and other metals on the urinary system and 
testicular tissue in man and animals. Particular emphasis 
has been given to the histoenzymic and histological changes 
in kidnev and testis by metals like manganese, cadmium, 
mercury and lead. The mechanism of action of various 
metals and mechanism of testis calcification has been 
briefly high lighted. 
Manganese requirements in rats and rabbits 
The normal values of dietary requirement of 
manganese in rabbits and rats are important in view of 
the toxicity studies conducted on manganese in these 
animals. The work of Smith and Ellis (1947) indicate 
that rabbit requires about 300 /«ig of inorganic manganese 
per day for satisfactory growth. Similarly normal 
requirement for rat is 0,2 mg per day (Holt Kamp and 
Hill, 1950), The excess of manganese if given to these 
animals, however produces to<ic effects on body tissues 
mainly brain, liver, kidney and testis. 
Urinary System 
The normal concentration of manganese in kidneys 
of rabbits and rats was 0,087 to 0.101 milligram per 100 
grams wet weight (Uertrand and Medigreceanu, 1913). 
According to Lund, Shaw and Drinker (1921) the normal 
concentration of manganese in the kidney tissue was 
0.147 (rabbit) and 0.110 (rat) milligram per 100 grams 
wet weight* 
The normal excretion of manganese through kid net* is 
negligible. Uandowsky, et al. (1923) after giving 
subcutaneous injections of various salts of manganese 
found that manganese was mainly excreted in feces whereas 
only traces were found in urine. According to Thomas 
(1970) only 0,1 to 3 of normally absorbed manganese was 
excreted in urine. It is known that excessive exposure 
to manganese results in higher urinary manganese 
concentrations (Tolonen, 1972), After administration 
of radioactive manganese, it rapidly disappears from the 
circulation and is stored in organs rich in mitochondria 
such as liver, kidney and pancreas (Cotzias, 1958), 
Kobert (198 0, Cahn (1894) and Flarnack and Kchreiber 
(1901) found highest manganese concentrations in kidneys 
after giving manganese salts to animals. 
There are many reports of renal damage in animals 
treated with manganese. Renal damage has also been 
reported with other metals like cadmium, mercury and lead. 
Kobert (1333) noted nephritis in some of the animals which 
had received subcutaneous injections of manganese citrate. 
Findlays (1924) found albumen, red blood cells, casts and 
bile pigments in the urine of manganese treated animals. 
The glomeruli were found to be congested and some of the 
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tubules showed fatty degeneration. Handowsky et al.(l925) 
Grueinstein and Popowa (1928) have reported degenerative 
changes in kidneys of animals which were intoxicated with 
manganese compounds. 
tfurst and Hurst (1929) studied changes in the 
renal tissue of guinea pigs and rabbits and described 
rabbits being more susceptable to the action of manganese 
than guinea pigs. In guinea pigs the cells of convoluted 
tubules and ilenie's loop were degenerated, tatty 
degeneration in the cells of descending limbs of Jlenle's 
loop and convoluted tubules was also observed. In rabbits 
focal areas of cortical necrosis, with wide spread 
haemorrhages, foci of polymorphonuclear infiltration and 
fatty degeneration have been reported. The glomeruli 
were congested.At places complete obliteration of glomerulus 
with necrosis was seen. In the loops of ftenle cell caste were 
found in the lumen. The histoenzymic studies on renal 
tissue in chronic manganese toxicity has been undertaken 
by Jonek et al. (1965). They have reported reduction in 
respiratory ferment and \TP. The fall in ATP has been 
suggested to lead to the retention of Na+ and K* in the 
kidney. An increased acid phosphatase activity has been 
suggested to have lead to cause degeneration of the tubules. 
Certain other metals are known to produce renal 
damage. In cadmium poisoning the renal damage has been 
reported by Badder (1951) and Bonnell (1955) in the form 
of diffused interstitial fibrosis with degenerative changes 
in many glomeruli and tubules. Highest concentration 
of mercury has been found in kidneys after mercury 
administration to animals (Browning, 1969). The 
accumulation of mercury chiefly takes place in the cortical 
and subcortical regions of the kidney (Hergstrand et al., 
1958). The toxic effect of mercury was mainly found to be 
on the tubular epithelium producing albumen and cell casts 
in the urine. In a few cases of mercury poisoning toxic 
nephoosis has been reported. Proteinuria is the main 
finding in acute and subacute poisoning (/angger, 1930). 
in lea<* poisoning degenerative changes in the renal 
tubules and vascular lesions in the form of multiple 
haemorrhages and thickening of the wall of blood vessel 
thus leading to nephrosclerosis have been reported 
(Calvary, 1933; Kishberg, 1939; Iairhall and Killer, 1J It). 
In clinical cases of lead poisoning progressive renal 
damage and interstitial nephritis has been observed 
(Lane, lv>49; Oliver, 191-1). 
The stidies so far conducted are unable to explain 
the initial site of action of manganese since histoenayaiic 
studies at a stage earlier than histological changes in 
this tissue hive not been conducted so far. Further tue 
effects of manganese on ureter and urinary bladder have 
not been investigated as evident from the available 
literature. Fhe present study has been conducted with 
the above view point to study detailed renal pathology 




\iale rats or rabbits fed on manganese deficient 
diet are known to have retarded growth, and also to develop 
testicular degeneration, lack of sexual interest and s 
sterility (Grent and .Vic Collum, 19*U) Boyer et al., 1942; 
Smith et al., 1944), The poor growth and sterility are, 
however, reversible by the administration of manganese 
(Shils and Mc Collum, 1943). The fact that animals 
getting insufficient dietary manganese develop arrested 
spermatogenesis (Orent and Mc Collum, 1931) it was 
suspeoted that manganese like zinc, might be incorporated 
into some phases of development of the spermatozoa. 
Radioisotope of manganese has demonstrated that 
manganese taken up by testis was incorporated into the 
products of testis, which were transported into the 
epididymis (Gun et al., 1970). Some radioactive 
manganese was also found associated with interstitial 
tissue. 
In view of the possible role suspeoted for 
manganese in the reproductive system of the male, the 
knowledge about its physiologic significance in the 
testis is not eleborate (Johnson et al., 1970). 
However, in manganese poisoning male sexual 
impotence" is one of the most common manifestations of 
manganese toxicity ("enalver, 1955), which occurs 
fairly early in the disease process (Balani et al., I9fi7). 
impotence follows a period of sexual stimulation and 
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ditnunition of libido (Penalver, 1955; Rodier, 1955 and 
Schuler et al,, 1957). flowever, there is not a single 
report on the toxicity of manganese in testis of clinical 
cases of manganese poisoning vertually on account of no 
efforts by investigators to investigate the possible 
injury in this organ. 
The first study on the toxic effects of manganese 
on rats testis was reported by Chandra in 1971. Sperm 
producing cells were found to be depleted in degenerated 
tubules with multinucleated cells formation in these 
tubules. In later study by Kar et al. (1972) the 
manganese concentration in rat testis showed a 4- to 9-
fold increase at 30 and GO days after manganese 
administration respectively. Besides, a significant 
rise in certain amino acids i.e. alanine, cysteine, 
leucine, proline, phenylalanine and glutaraide was also 
found at 60 days. These workers concluded that 
manganese might have an inhibitory effect on various 
enzymes thus leading to accumulation of certain amino 
acids which were otherwise utilized. 
Chandra et al . (1973) reported that manganese 
treated rabbits (i/T Mn02) proved sterile, when kept 
with females of proven fertility. They reported in testis, 
histological changes in the tubular epithelium in the 
form of degeneration and patchy calcification of tubules, 
The biochemical changes observed were decrease in SDH, 
AT'ase and acid phosphatase activities at 240 days. 
it was suggested that manganese by producing Si/U activity 
affected the energy metabolism and produced the 
degeneration of sperm producing structures, increase in 
AfCase and acid phosphatase activities was suggested to 
be due to either slow metabolism or for the preservation 
of phosphate esters to meet the energy supply of tissue. 
Seth et ai. (1»73) in an effort to understand the 
mechanism of injury studied biochemical chances and 
histopathological alterations at 2, 4, 0 and H months 
after single intratracheal administration of enanganese. 
The Si !f and vr.-'ase were found to be decreased at 2 months 
at which the histological damage was also present in 10 
to 20 of the seminiferous tunnies. The decrease in 
these enzymes and testicular degeneration were more 
marked with lapse of time. 
The above studies, however, do not explain the 
initial site of action of manganese and also the 
biochemical alterations preceding the histopatholoi'leal 
changes. ihe enzyme alterations observed were too late 
from the view point of establishing the original site of 
action and sequence of biochemical events that might 
have taken place in testis under the toxic influence of 
manganese. 
the toxic effects of metals like aluminium, 
copper, iron, lead, aercury and nickel etc. on the 
testis of rats and mice has been reported by kamboj and 
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Kar, i9>l. The necrosis of testicular tissue was produced 
after direct intratesticular injection of the metal 
although the damage produced by direct injections in 
testis is nonspecific (Johnson et al.t 1970). Mercury 
which is a nonessential element does not cause testicular 
necrosis even after injection of lethal dose (Johnson et al., 
1970), Timm and Schulz (1966) found in the leydig cells, 
granules after intraperitoneal injections of mercury salt, 
which were attributed to the presence of mercury deposits 
in testis. Lead is also injurious to testis (Hamilton 
and Hardy, 1949) as it has deleterious effects on male 
germ cells. Cadmium is highly Injurious to testis and 
it seems to have selective action on testicular tissue, 
since a dose as low as 0,01 to 0.02 mole/kg produces 
degenerative changes in testis (Johnson et al., 1070). 
The evidence at hand indicates conclusively that in 
cadmium toxicity the spermatogenic epithelium is not the 
original site of injury. It produces typical hemorrhagic 
necrosis in testis. The histoenzyraic studies in testis 
after cadmium administration have shown increase in 
alkaline phosphatase in the capillary endothelium 
(Mae Ka.va et al., 1963) and decrease in Smi, LDH and 
NAf'Ul), which are primarily associated with seminiferous 
tubules (s.'imow and Knorre, 1967). However, these changes 
may not be dun to direct effect of cadmium on epithelium. 
It is considered a secondary reaction from loss of 
nutritives following interference with the blood supply. 
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Besides a large number of met alio salts including 
manganese are known to produce calcification of testis 
(Sharraa, 1972; Chandra, 1973). 
Mechanism of calcification in the testicular tissue 
Sporadic calcification of the seminiferous tubules . 
of various animals has been reported in 2-30; cases by 
several investigators (Albrecht, 1932; Webster, 1932; 
Barker, 1948, 1956 and Fraser and Wilson, 19G6). In 
such cases tubular degeneration and intratesticular 
calcification is commonly seen which is considered to be 
secondary to degenerative changes. But this does not 
necessarily indicate infertility as highly fertile 
bulls are observed with some areas of testicular 
calcification (Barker, 1956). In goats the incidence of 
testicular calcification is observed in 30-401 which 
usually lead to sterility (Fraser and Wilson, 1966). 
The skeleton acts as the reservior for calcium 
and plays important role in hypercalcaemia and in the 
pathological calcification. 
The calcium level in the blood depends on several 
factors such as calcium intake, serum phosphorus levels 
vitamin I) and a number of hormones. The interplay of 
these factors is responsible for maintaining a dynamic 
equiilibrium of calcium between blood, bone and soft 
tissues. 
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Vitamin T) and the parathyroid hormone (PTH) have 
a vital role in maintaining Ca"*** and HPO" level in a 
state of equilibrium which would not exceed the level 
at which soft tissues become susceptable to its 
precipitation (Neuman and Neuman, 1953). The disturbance 
in the ionic equillibrium of Ca++ and HPo~ may lead to 
either systemic or local calcification. Degenerating and 
necrotic foci in soft tissues are calcified in due 
course of time. This is called as "dystrophic 
calcification", 
In vitro studies by Henrichsen (1933) have 
emphasized that the calcification does not occur in 
cells untill they are necrosed. The necrosed cells 
liberate alkaline phosphatase which help in apatite 
crystal formation. Selye (1962) mentioned that there 
is absolutely no relationship between degeneration and 
necrosis of a cell and deposition of calcium* 
The role of alkaline phosphatase in calcium 
phosphate deposition in tissue ..discussed by Goraori (1943). 
Axelrod U948), Meyerhof and Green (1949), Trout (1958) 
and Grant et al. (1963) suggest that the state of tissue 
itself is primarily responsible for calcium deposition 
and it is not dependent on the level of serum calcium. 
Thomas et al. (1936) suggested that once deposition of 
mineral apatite is initiated during calcification further 
calcification may occur in even low concentrations of 
Ca++ and RPo" than that required for initiation of the 
process. 
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<\t present it is generally held that collagenous 
fibres play the unique property of a seeding mechanism 
which initiates crystallization of calcium phosphate in a 
regular manner along the fibres (\euman and Keuman, 1958; 
Glimcher, 1959; Santanam, 1959; liamachandran and Santanam, 
1959; Fleisch and Neuraan, I960;, Boros et al., 1967; 
Wadkins, 1963; Gabbiani et al., 1970). 
Mechanism of action of metals 
Many of the essential trace metals (Weinberg, 1962) 
produce markedly deleterious effects when administered or 
absorbed in amounts in excess of normal requirements 
(Oittar and aittar, 1968). Excess of metal ions have 
been shown to exert their toxic effects by affecting 
cellular physiology in several ways (Passow et al.t 1961). 
The amount of metal ions required to produce an injurious 
response varies from metal to metal illustrating the 
diversity of mechanism involved in their toxicity 
(Uittar and slittar, 1968). The metals possessing a 
density greater than five, often referred as heavy 
metals are specially toxic to the living system. 
It is, taerefore, very difficult to give 
generalization of the pharmacological action of metals 
since they do not have common chemical properties. It 
has been shown that metal ions have affinity for a wide 
variety of organic molecules of biological significance 
such as lipids, amino acids, co-enzymes, enzymes and 
other proteins containing sulphur, nitrogen or oxygen 
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which act as electron donors to form complexes with the 
metals. Besides, acting on the enzyme molecule itself 
metal ions have been shown to react with the substrate, 
cofactors, and activators. In living system at least 
following ligands can be expected to be present 
-0!?, -CooH, -Co^rig, -SII, N»!l2, -imidazole. These ligands 
form integral part of the biomolecules, essential for 
the normal functioning of the cells. The site of metal 
action in the cell can be predicted on account of the 
knowledge about the relative affinity of metal for a 
particular type of ligand. 
The metal ions interfere with the action of enzyme 
and other functional proteins. The enzyme inhibition 
results in the increase in substrate concentration, 
thereby resulting in altered physiological activity of the 
cell. The whole enzyme system including the enzyme, 
substrate, cofactors and activators, may be involved by 
binding of any single component with the metal. The 
majority of enzymes especially those having SH-groups 
can be inhibited by metals. Certain metals are known 
to stimulate cellular activity in low concentrations 
below inhibitory level and this phenomenon is referred 
as Schultz \rndt l!ule (Clark, 1937). 
The action of metal ions also depend on biological 
factors, the chemical composition and the structural as 
well as the functional organization of ceils (°assow et al. 
1961). The cellular structure greatly influences the 
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accessibility of the metql to sensitive legands. The 
sequence of events are from the outside of the ceil 
towards the inside. The binding of metal ions with the 
ligands of the cell surface disturbs the membrane 
function such as membrane permeability and transport 
(Linderhoin, 1952; Ussing and Zerahn, 1951). The metal 
binding with ligands takes place at the sensitive or 
insensitive sites. Thus the toxic effects of metal may 
be produced only by a very small part of the total metal 
which binds at the sensitive site in the cell; in other 
words binding with insensitive sites protects the ceil 
to some extent against the toxic action of the metal. 
Since metal can disturb any existing biological activity, 
theoretically as many as responses can be found as there 
are activities. Based on the factors of anatomical structure 
and the nature and accessibility of biological components 
certain types of responses predominate. 
The distinction between primary and secondary 
effects is important. The primary response is the 
reduction in the activity of the site with which the 
metal binds. The secondary response is the reduction 
in the activity of another system dependent in some 
manner on the binding site. 
In attempting to trace the mechanism of action 
it is most important to study the primary rather than 
the end results of metal toxicity, since the inactivation 
of one sensitive site by a metal may induce secondary 
changes which ultimately affect the cell physiology. 
In intact animals at organ level the action of 
metals follows same generalizations as in the intact cell. 
For each metal aparticular organ may be more susceptible 
than other organs. However, here within organ several 
cell populations of different susceptibilities may 
exist in a complex anatomical arrangement. This is due 
to inherent susceptibilities of certain cells or higher 
concentrations of metal deposited in these cells 
(Passow et al.( 1961). The susceptibility of the renal 
tubular cells to mercury and uranium has been attributed 
to local factors which lead to a high rate of deposition 
of the metal. 
In animals factors like absorption, distribution, 
deposition and excretion govern the effective 
concentration and exposure time required for cell 
damage. The physiological response after toxicity, is 
determined by the biological factors viz. chemical, 
structural and functional organization of the organ 
(I'assow et al., 1961). 
CHAPT1 H I I I 
PH^SFNT ST'TUKS 
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SCOPE OF HIE PRESENT STUDIES 
Manganese is known to produce a serious nervous 
disorder resembling Parkinsonian syndrome (Couper, 
1837). Inspite of numerous investigations the knowledge 
of pathogenesis of this disease process and initial 
biochemical site of injury produced by this metal 
remains unknown. Besides, there is no simple and quick 
method for the detection of early cases of manganese 
poisoning, when the disease is reversible if suitable 
therapy is applied, 
The aim of the present studies is, therefore, to 
investigate the mechanism of tissue injury by studying 
the histoenzymic and histomorphoiogical changes in 
kidney and testis after the administration of manganese 
salts, 
The biochemical investigations in the serum of 
manganese inoculated rabbits were conducted in order to 
evolve a diagnostic test for detecting early manganese 
toxicity, 
The biochemical studies on serum calcium inorganic 
phosphates and alkaline phosphatase in the manganese 
treated rabbits offer a field of further investigation to 
find out the significance of increased serum calcium and 
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decreased serum inorganic phosphates and alkaline 
phosphatase levels. These biochemical changes are of 
possible diagnostic value in the detection of early 
cases of manganese poisoning. 
MATERIALS AND METHODS: GENERAL 
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Animal a 
Normal healthy adult male rabbits (Oryc tolajcus 
funiculus) of an average weight 1.5 kg and adnlt male 
albino rata (Rattus oorvoKicas) af an average weight 200 
grama wera randomly aalaoted froa the Industrial 
Toxicology Research Contra Colony* The animals wora 
maintained in a ir eonditionod quartara (75 £ 2*F) 
under uniform eonditiona throughout tho experimental 
period. Woll balanced pe l l e t dlot obtained froa Lever 
Brothers (India) Ltd., was supplied along with adequate 
amount of graon vegetables (Salad, cucumber. carrot) 
and water ad l ib i tun . 
Compounds: 
Manganese chloride (MnCl2*4H20; AR) and mangaaese 
dioxide (ifnO.zpyrolusito:Analytical grade) were chosen 
for the present study* Both these compounds were obtained 
from tike B.D.H., Glaxo Laboratories (India) Ltd* The 
experiment with Mn02 was not carried out aa such* but 
with the powder of MnOg having particles* below 5 /u, 
which waa prepared by tho particle Technology Laboratory 
of the Induatrial Toxicology Reaearoh Centre. Lueknow* 
U*P», India. 
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ipse and route of administration: 
{ \) Manganese Chloride ( .inCl^ .lfI.,0 » 
1 ) intraperitoneal injections in rata 3 mg/kg 
dissolved in i ml physiological saline. 
2) intravenous injections in rabbits 3.5 mg/kg 
dissolved in o.r> ral physiological saline. 
( ;0 Manganese 1'ioxide i snO,) 
I) intratracheal inoculation in rabbits 400 ing/kg 
suspended in 1.5 ml p tysiolo fical saline. 
Hie solution of manganese chloride and suspension of 
manganese dioxide were wade in 0,85 physiological 
(sodium chloride) saline solution. 
\niroal Grouping; 
( \) i ;ts (intraperitoneal injections) 
Group H20)* \o treatment 
Group Ii('*2)* injected 0,5 ml physiological saline. 
Group 111(12)* Injected manganese chloride solution. 
'
 5
* mbbita (intravenous injections) 
Group 1 (li)<* NO treatment 
r,roup II (12.)"* Injected 0.3 ml physiological saline. 
Group 111(21) v injected manganese chloride solution. 
iC) uabbits (intratracheal inoculation) 
Group 1 (13> Physiological saline injected(1.5
 m l ) . 
Group Ji(3o)v manganese dioxide suspension inoculated, 
" \umber of animals taken. 
<< Number of aniaais taken each for separate studies 
on kidneys and testes. 
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The experimental groups were treated with appropriate 
dose of manganese compound whereas the control groups 
either received no treatment or were treated with 
physiological saline. 
Autopsy of Animals - At the end of experimental period 
rabbits were sacrificed after light ether anaesthesia or 
by passing air through lateral ear vein. The rats were 
always sacrificed after light ether anaesthesia. Organs 
to be studied were immediately dissected out and processed 
accordingly. 
Chemicals 
Chemicals of the following specifications were 
used in the present investigation: 
i»i Sod. and Pi Pot. Glucose-6-phosphates and NAIM* 
from iii'l? Chemicals Ltd., Poole, England; \.v,m from V.P, 
Chest Institute University of Delhi, Delhi; Di Sod. 
iff from ;:. .Vterck A.Q. .mrmstadt, Germany; fryptamine 
hydrochloride and nitro-iii^  from Fluka \.i, Chemische 
fabrik, iluchs *.G. Switzerland; Sodium-/3-glycerophosphate 
from Koch-Light Laboratories Ltd., Colnbrook, lucks, 
England were procured. Other chemicals were of 01)'I 
analytical <^rade. All the solutions were made in 
glass distilled water, 
ilistoenzymic techniques - Enzymes were demonstrated by 
histochemical techniques either on the frozen sections 
cut in the cryostat from fresh blocks of tissues or 
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from fixed tissue blocks. 
(i) Fresh Tissue iijocks: Thin pieces of tissues 
immediately mounted on the microtome chucks were kept 
at -20° in the crystat. Thin sections (5-3u) were cut 
in the cryostat, which were then directly mounted on 
cover slips or slides and dried in air at room 
temperature (27°) for about 30 minutes. These sections 
were used for the demonstration of the activity of the 
following enzymes by standard techniques. 
Succinic Dehydrogenase (Sim) (E.C.I.3.99.1; "succinate 
< etiydrogenase) 
This bound mitochondrial, flavoprotein enzyme 
catalyses the reaction: 
Succinate+acceptor - •» fumarate+reduced 
acceptor. The method employed was that of Nachlas et al. 
(1J37). The incubating medium consisted of the following: 
0.2 M Phosphate buffer (pH 7.01 
0.2 M potassium dihydrogen phosphate 
(27.22 gm dissolved in 1 litre) 
distilled water 39 ml 
0.2 M Di sodium hydrogen phosphate 
(28.4 gm dissolved in 1 litre 
distilled water) 61 ml 
'istilled water 100 ml 
incubation Medium 
Kitro-HT 30 mg 
0.2 M Phosphate Uuffer 43 ml 
Sodium succinate 162 mg 
Ringer 5 ml 
Incubation time was 30 minutes at 37°. After that 
sections were washed in formal saline (6. formaldehyde 
in normal saline), rinsed in 15> alcohol and mounted in 
glycerine jelly. Blue formazan deposits indicated S)H 
activity, 
NAi'M-Diaphorase (XAI)flD) (fc.C. Number not decided) - This 
is a flavoprotein enzyme which catalyses the oxidation 
of reduced coenzyme I (>;Ai)t!). The part played by NAMI-
diaphorase has established its role in the electron 
transport chain of the cell. * ork by .VJassey (1939) on 
the possible physiological role of the enzyme has 
suggested its role in coupling the oxidation of NVfl 
and the reduction of cytochrome C. 
There is no precise identity of the two diaphorases 
(NAtni and NAIK'H) and therefore, none has been assigned 
definite < .C. numbers. 
This enzyme in the present investigation was 
demonstrated by the standard method for bound enzymes 
described by Pearse (1972). The incubating medium 
consisted of the following; 
Stock Solution 
Mtro-UT (4 mg/ml) 2.5 ml 
fris IIC1 buffer (pH 7.4) 2.5 ml 
MgCl, (3 mM) 1.0 ml. 
distilled water 3.0 ml 
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pli was ad jus ted t o 7.0 to 7,2 using 0.2 M Tr i s or 0,2 M 
HC1. Tuis s tock was s t o r ed a t -20° in deep f reeze for 
s eve ra l months. 
Incuba t ion Medium 
Before i n c u b a t i o n 0 .1 ml d i s t i l l e d water and 2 mg 
NADU was added immediately to 0 ,9 ml s tock s o l u t i o n . 
Sec t ions l i f t e d on s l i d e s were used for the s tudy . 
The i n c u b a t i n g medium was poured on s e c t i o n s drop by drop 
so as to cover the whole s e c t i o n . Incuba t ion period was 
1 J minutes a t 37° . After incuba t ion s e c t i o n s were post 
fixed in formal s a l i n e , washed in tap w a t e r , d i s t i l l e d 
waier and tljen Mounted in g l y c e r i n e j e l l y . 
The MAi>UD a c t i v i t y was i n d i c a t e d by purple 
formazan d e p o s i t s . 
Glucose-6-Ph.osphate Dehydrogenase (G-6-P, ) 
( e . C . 1 .1 ,1 .49 :D-g lucose-6-phospha te NADP-oxidoreduetase) 
This belongs to the g lucose-6-phosphate ox ida t i on 
system (pentose cycle) and i s so luble Y\i;P-linked enzyme. 
I t c a t a l y s e s the o x i d a t i o n r e a c t i o n : 
l i -Ulucose-S-phosphate KW'M* -—> n-'^hosphoglucono-
l ac tone f NADPFl + 
I t was demonstrated by the method descr ibed for so lub le 
enzymes by i 'earse (1972) . The incuba t ion mixture 
cons i s t ed of the fo l lowing: 
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stock solution 'A* 
1.0 M pi-Na-Glucose-6-Phosphate dissolved in 
distilled water (3.04 g in 8 ml distilled water) 
was neutralized with 0.6 ml N-HC1. The total volume 
was raised to 10 ml. This solution was stored in deep 
freeze at -20° upto several months. 
Stock solution ' tV 
Nitro-BT (4 mg/«l) 2.5 ml 
T r i s - ' J C l b u f f e r ( p f l 7 .4 ) 2 . 5 ml 
.MgCl« (5 Ai) 1.0 ml 
Distilled water 3.0 ml. 
p!T was adjusted to 7.0 to 7.2 using 0.2 M Tris or 0.2 .Vi 
UC1. This stock was stored at -20° in deep freeze. 
Purpfce formazan deposit indicated G-6-Pl) activity. 
Incubation Medium: 
0.9 ml of stock B was mixed with 0.1 ml of stock 
A. Coenzyme NAOP and PVP were added just before use. 
The mixture was thoroughly shaken. The solution was 
then poured drop by drop on the section lifted on slides, 
The incubation time allowed was 45 minutes at 37°, 
\fter incubations sections were post fixed in formal 
salineV washed in tape water and distilled water. 
.Mounting was done in glycerine jelly. 
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3-/3- i iydroxysteroid dehydrogenase (3-/3-OHSU) 
(E.C. 1 . 1 , 1 , 5 1 , 3- /3-Uydroxysteroid: NAI)(P) Oxldoreductase) 
This enzyme has a key pos i t i on in s t e r o i d -
b i o s y n t h e s i s ( F i g . 20 ) . I t was demonstrated by the 
method of vattenberg (1958) . The incubation medium 
consis ted of the fol lowing: 
0 ,2 M Tris-HCl buffer (pH 3.8) 0 .6 ml 
NAD (6 .6 rag/ral) 0.1 ml 
MgCl2 ( 4 . 8 mg/ml) 0,1 ml 
NBT (2 mg/ml in 1>MF) 0,1 ml 
Oihydroepiandrosterone (THIEA) 0,1 ml 
(5 mg/ml in DMF) 
A few drops of incubation medium was poured on sect ions 
l i f t e d on s l i d e s . The incubation period was 30 minutes 
at 37°. After incubation s l i d e s were rinsed in d i s t i l l e d 
water and then post fixed in buffered formalin for 30 
minutes. F i n a l l y , s l i d e s were rinsed in d i s t i l l e d water, 
treated in 20* ethanol again rinsed in d i s t i l l e d water 
and mounted in g lycer ine j e l l y . 
Purple formazan granules indicated the s i t e of 
3-/3-0iIS!i a c t i v i t y . 
Monoamine Oxidase (MAO) 
(K.C. 1 . 4 . 3 . 1 . Monoamine: 0 oxldoreductase) 
I t ac ts on primary, secondary and t er t i ary 
monoamines with the formation of e i ther lower amines or 
aldehydes. On the primary amines the ir ac t ion may be as 
fo l lows: 
This enzyme is localized in mitochondria. It was 
demonstrated by the method of Glenner et al. (1917'i. 
Che incubation medium consisted of the following: 
Tryptamine hydrochlori!e 25 mg 
Sodium sulphate 4 mg 
\itro-3S > mg 
0.1 ; "hosphate buffer (pfi 7.0) 3 ml 
Distilled water 13 ml. 
Sections lifted on coverslips, were incubated in the 
medium in closed petri dishes at 37° for 40 minutes. 
After incubation sections were washed in running tap 
water and post fixed in neutral formalin for 24 hours. 
After washing in distilled water sections were Counted 
in glycerine jelly. .Slayer hemalum was used for counter 
staining of the nuclei, 
Brown to black formazan deposits indicated sites 
of MAD activity. 
Glucose-6-Phosphatase (G-G-Pase) (E.G. 3.1.3.9) 
This specific enzyme is capable of dephosphorylatine 
glucose-6-phosphate. 
The method employed for G-O-Pase was that of 
achstein and Meisel (1936). The incubating medium was 
prepared by mixing the following: 
0.2 Ai T r i s maleate buf fe r pit 6,7 
0 .2 M Tr i s Maleate 30 ml 
(124.2 g t r i s plus 23,2 g maleic acid 
d i s s o l v e d in to 1 l i t r e d i s t i l l e d water) 
0 .2 M Sodium hydroxide 43.75 ml 
( 0 . 3 g d i s so lved in 100 mi 
d i s t i l l e d w a t e r ) . 
pH adjus ted to G.7 wi th 1.0 M NaOll. 
Incubating medium 
ni -Pot -Glucose-6-Phospha te 20 mi 
(0 .025 g d i s so lved in 20 ml 
d i s t i l l e d water) 
Tr i s maleate buffer o(pH 6.7) 20 rai 
Lead n i t r a t e Pb (No,.),, 3 ml 
! i s t i l l e d water 7 ml 
incuba t ion time allowed was 30 minutes a t 37° . After 
incuba t ion s e c t i o n s were washed in d i s t i l l e d water and 
colour developed in d i l u t e d yel low ammonium su lph ide . 
Urownish b lack depos i t s i n d i c a t e d enzyme a c t i v i t y . 
Con t ro l : nega t ive c o n t r o l wi thout the s u b s t r a t e in the 
incuba t ing medium did not show enzyme a c t i v i t y . 
Adenosine Tr iphosphatase (XTPasc) 
(i.<;.C. 3 . 6 . 1 . 3 . Calcium a c t i v a t e d ATP phosphohydrolase) 
Piie enzyme demonstrated was calcium a c t i v a t e d 
myosin ATPaset- I t c a t a l y s e s the r e a c t i o n : 
ATP+?Io0 > \\)P + Orthophosphate . 
The method used for i t s demons t ra t ion was t h a t descr ibed 
by Padykula and Herman (1955) . The incuba t ing medium 
c o n s i s t e d of the fo l lowing; 
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0.1 \i Sodium barbiturate (2.063 g/100 ml) 20 ml 
0.13 M Ca612 (1.998 g/iOO ml) 10 ml 
Distilled water 30 ml 
Adenosine triphosphate (disodium salt) 132 mg 
pli was adjusted to 9.4 with 0,1 M MaOfl and solution 
raised upto 100 ml with distilled water. Filtered 
through filter paper. Sections were incubated in the 
filtrate for 30 minutes at 37°. After incubation sections 
were rinsed in three changes of V}. Cad,, (one minute each) 
and later in 2< cobalt nitrate (two uinute). After 
washing in distilled water colour was developed in 
diluted yellow ammonium sulphide, Sections were washed 
in several changes of water and then mounted in glycerine 
jelly. 
Black deposits indicated ATPase activity. 
General: Fresh frozen sections were also used for 
staining with oil red 0, i'A.-t, sudan black by the method 
described at the end of this chapter. 
ii) Fixed frozen tissue blacks: For alkaline phosphatase 
and acid phosphatase thin pieces of tissues were 
immediately fixed into the fixative. After completion 
of the required period of fixation, tissue was blotted 
gently and mounted on cryostat chucks for sections 
cutting. The sections were then used for enzyme studies, 
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Alkaline Phosphatase 
(£.C» 3.1.3.1.: orthophosphoric monoester phosphohydrolase; 
pH 9.2) 
The enzyme is responsible for the hydrolysis of 
a wide variety of organic phosphates at the pH optimum 
9.2, Tissue fixation in buffered formalin was allowed 
for 18 hours at 4?. Sections (8-10/u) were used for -
its demonstration by the method described by Gomori (1919). 
The incubating medium consisted of the following: 
Buffer stock solution (pH 9-9.4) 
Sodium Barbitone 6.1 gms 
CaCl? 1,2 g 
MgfKty 0.5 g 
Distilled water 1 litre 
Incubation medium 
buffered stock (pU 9-9.4) 80 ml 80 ml 
Substrate solution 20 ml 
(3 grams sodium /3-giycerophosphate 
dissolved in 100/ml distilled 
water). 
Incubation time allowed was 60 minutes. After incubation 
sections were washed in tap water and diitilied water, 
rinsed in i cobalt acetate solution for 2 minutes and 
finally washed in tap water and distilled water. Colour 
was developed in diluted yellow ammonium sulphide. Black 
deposits indicated enzyme activity. 
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Acid Phosphatase (K.C. 3.1.3,2.: orthopuosphoric monoester 
phosphohydrolase; p'l 5.0) 
Tuis is a lysosomal enzyme vAi ich catalyses the 
hydrolysis of organic phosphatase at an optimum pJJ 3.0. 
Small blocks of tissue (5 mm ) were fixed in ice cold 
fixative (1- calcium chloride in 4 1 formaldehyde) at 4° 
for 24 hours. They were removed from the fixative, rinsed 
in three changes of 5"i' sucrose, blotted gently and placed 
in gum sucrose (mixed 2 grams dry gum acacia; 60 grams 
sucrose and 200 ml distilled water stored at 4°) solution 
at 4° for 24 hours. Tissues were removed, mounted on 
cryostat chucks and sections (3-10 /u) were cut. Acid 
phosphatase activity was demonstrated by the method of 
Gomori (1941a). The incubating medium consisted of the 
following: 
puffer stock 
0,1 N Acetic acid 59 ml 
(2.35 ml glacial acetic acid 
in 500 ml distilled water) 
0,1 X Sodium acetate 141 ml 
(fJ.S g in 300 ml distilled water) 
Distilled water 200 ml. 
To this lead nitrate (0,33 gins) was added and the pH was 
adjusted to pff 3.0 (if required). 
Incubating medium was prepared by adding 0.2 g 
sodium /3-glycerophosphate dissolved in 10 ml distilled 
water to 100 ml of the buffer stock solution, 
Incubation period allowed was 30 minutes. Yfter 
which sections were washed in distilled water. The 
colour was developed in diluted yellow ammonium sulphide. 
\fter washing sections were mounted in glycerine jelly, 
iilack precipitate indicated acid phosphatase activity. 
(iii) Controls - Alternate sections were used for 
staining with li fc E, Controls of three types were run 
along with enzyme demonstration, whenever required. 
Positive control - known tissue rich in specific 
e nzyme. 
Negative control - Incubation without substrate. 
Inhibitory control - Inhibitor was mixed in the 
incubating mixture. 
(iv) (Jlycerine Jelly (Houlet, 1943) - I issolved 15 grams 
best quality gelatine in 100 ml distilled water, with 
moderate heating. Added 100 gglycerine and warmed for 
5 minutes on a water bath. Filtered hot through glass 
wool. To each 100 ml of the mixture added 1 drop of 
phenol. This medium was kept at 37° in an incubator. 
Glycerine jelly was preferably applied after rinsing 
slides in warm water. 
Histopathologic Tehfrniques 
Histopathologic techniques employed were those 
commonly us»d in the study of routine histology and 
histochemistry. 
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For these s t u d i e s small t i s s u e p ieces were fixed 
in L i l l i e s neu t r a l formal in and i l e l l y ' s f l u i d . 
L i l l i e s ' neu t r a l buffered formalin 
Commercial formalin 100 ml 
(37-40 formaldehyde) 
[ i s t i l l e d water 900 ml 
Sodiiiis dihydrogen phosphate 4.0 gm 
(Na!IoPo4.fl30) 
0 i s odium hydrogen phosphate 6.5 gm 
N a 2 i ! P o 4 ) 
Ilelly's Fluid 
Zenker's stock 
Potassium dichromate (KoCr(>0„) 2.5 gm 
Mercuric chloride (!lgCl9) 5.0 gm 
distilled water 100 ml. 
The salts were dissolved by gentle heating. addition 
of 5 ml of formaldehyde to the above solution just 
before use gave welly's fluid. 
After suitable period of fixation, blocks were 
processed lor tissue embedding. They were first 
dehydrated in the following fashion in several grades of 
alcohol. 70" (over night) — > 90 (2.30 hours) *• 
90* (1.45 hours) ^absolute alcohol (1.0 hour) > 
clearing in toluene (overnight) ^ Paraffin embedding 
at 64-65° (three changes). Blocks of suitable size were 
made and sections (4/u) were cut on the rotary microtome. 
Sections from each block were stained with 
hematoxylin and eo8in. Formalin fixed sections were 
also used for staining with •'vS, aician blue- \< and 
orcein van gieson stain. Sections from tissue fixed 
in Helly's fluid were stained for mitochondria by the 
phosphotun#stic acid hematoxylin (!»T\M) method. ihe 
methods employed were those discussed by , ?c Manus and 
* owry ^rj6">}. After staining sections were dehydrated, 
in grades of alcohol, cleared in xylene and mounted in 
P.VJT I 
(A) HISTOCMEMICAL AN!) 'I IST0L0G1CAL STUi'IKS ON 
PHI; HUINAHV sYsriow 
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SI'MMAItY 
Studies on the early histochemical and histo-
morphological changes in the kidney of rabbits after 
intravenous administration of manganese chloride 
(3.3 mg/kg) for various time intervals were conducted. 
Die histochemical changes observed were patchy loss of 
the activity of Sim after 4 days and ATVase and 
u-b-l'ase after 9 days, while reduction in the activity 
of alkaline phosphatase occured at 30 days. The acid 
phosphatase activity was found to be increased in the 
cortex at 30 days. Histologically the earliest changes 
in the proximal convoluted tubule in the form of 
irregular areas of defeneration were noted at 10 days, 
which were more marked after HO days. 
in separate studies on rats and rabbits after 
daily intraperitoneal injections (l/l1) of manganese 
chloride (3 mg/kg) in rats and single intratracheal 
inoculation (l/v) of manganese dioxide (400 mg/kg) in 
rabbits the histomorpholoizical changes in the form of 
congestion and necrosis of the proximal convoluted 
tubules were similarly observed, as that found in rabbits 
after intravenous injections of manganese chloride. 
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The earliest histoenzymic changes in SDH activity 
in the renal tissue of manganese treated rabbits and 
later alterations in the activity of other enzymes and 
the degenerationUtubular epithelium suggest that manganese 
primarily affects son activity, which leads to the 




The kidneys of a mammal on cutting into two 
halves shov an outer cortex and an inner medulla, 
The medullary portion of kidney is shaped like a 
broad pyramid the apex of which jUits into the concavity 
or hilus of the kidney. The medullary pyramid along 
with the cortical substance which covers it, together 
form a lobe of the kidney. Accordingly a unipyraraidal 
kidney is a unilocular kidney as found in rats and 
rabbits (Ham, 1969). in man since there are many 
pyramids it constitutes a multi lobular kidney. 
The medullary surface has straited appearance with 
striations fanning out from the apex of the pyramid to all 
parts of its broad base. The ray like extensions of 
medullary substance that are projected into the cortex 
are termed as medullary rays. 
The various parts of the nephron in the kidney 
substance are disposed in a definite fashion. 
I'ixe glomeruli are found in the cortex. From each 
glomerulus leads off tortous proximal convoluted tubule 
which later pursues a fairly straight course towards and 
into the medulla. This segment of the nephron then 
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passes down into the medulla and is narrowed to form 
thin or narrow limbs of the loop of Henle, which descends 
for varous distances into the medulla. It then ascends 
into the medulla to form thick or broad limb of the loop 
of Henle which pursues its course towards cortex. On 
approaching cortex this segment of nephron touches the 
glomerulus between the site of the entry of the afferent 
and the exist of the efferent arteriole. The segment 
of the nephron that continues beyond this limit is known 
as the distal convoluted tubule, which pursues a mildly 
tortous course in the neighbouring cortical tissue and 
then joins a little side branch of the branching system 
of long straight collecting tubules. 
in kidney, the medullary ray plus the surrounding 
glomeruli and proximal and distal convoluted tubules of 
the nephron that empty into its branched collecting tubule, 
constitute a lobule of kidney tissue. A medullary ray on 
entering the medulla is not called a ray. Hut the renal 
tubular segments that enter the medulla from each 
medullary ray is as much a part of the lobule as the 
other tubular segments that project into the cortex as 
medullary ray. 
In rat the straight portion of the proximal 
convoluted tubule form a complete inner cortical zone 
whereas in rabbit and man the straight portions of the 
proximal convoluted tubule do not form a complete zone 
in the inner cortex and are present only in the medullary 
0 i 
rays of the cortex. 
The segmental portions of nephron in renal 
sections can be identified on the basis of zonal 
distribution of various segments of nephron and also by 
their characteristic histological features, 
Fhe cells of proximal convoluted tubules have 
great bredth and brush border on free surface of the 
cells. The transverse sections (T..S.) of proximal 
convoluted tubules usually show 3-1 nuclei. Their 
cell outlines are indistinguishable. The cells of 
distal convoluted tubules are less in bredth, have no 
brush border and iri r.s, sho large number of nuclei 
since each T.S. has many ceils. The thin descending 
limb of Menle is recognized by its small size with 
only one or two cells shown in P.S, It is distinguished 
from blood capillaries by loss of blood cells. The 
ascending thick limb has many cells in its r.S» which 
have well marked cell boundaries. rue collecting tubules 
are lined by broad epithelial cells which appear in 
large number in their transections (tJloom and lawcet, 
1966), 
in applying histocnemical techniques to kidneys 
considerable difficulty is encountered in properly 
ascribing a given reaction to a certain segment of the 
nephron ( achstein, 1955). If, however, the topographic 
relationship of various portions of the renal unit are 
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kept in mind the identification of most of the tubular 
structures is possible. From the structure of medulla 
it is obvious that the tubular segments within the inner 
medulla can be recognized without difficulty. But 
occasional tubular structures within cortex cannot always 
be identified with cartainity specially when their finer 
histological details are obscured by heavy stain deposits. 
However, in such cases the knowledge of known reaction 
in the different segments of nephron in a species along 
with its topography kept in mind, it is possible to 
accurately identify the different segments of the nephron. 
Kidneys are one of the organs rich in mitochondria 
and, therefore, concentrate large amounts of manganese 
(Cotzias, 1958). Normally the excretion of manganese 
through kidneys is negligible. The earlier reports have 
shown that in clinical cases as well as in experimental 
studies, various salts of manganese produce renal injury. 
Casaisajor (1913) reported for the first time the occurence 
of interstitial nephritis in a worker who died of chronic 
manganese intoxication. Occurence of renal lesions in 
a wide variety of animal species after manganese 
administration has been reported by Find lay (1924), Ffandowsky 
et al. (1925) and Matsumura (1933). 
Recently /.onek et al. (1905) stuiicd histochemical 
changes in renal tissue of rabbit after chronic manganese 
intoxication. The investigations regarding early 
histochemical alterations are essential to understand the 
pathogenesis of renal lesions in manganese toxicity. 
The present study on kidneys was, therefore, 
undertaken to extend the histochemical studies on renal 
tissue of rabbits injected with manganese chloride to 
find out histochemical changes occuring earlier than 
the histomorphological changes observable under light 
microscope. Uistofeorphological studies on kidneys of 
rats and rabbits after administration of manganese salts 
was determined to find out detailed histomorphological 
changes induced by manganese. 
MATTH1ALS \NI» MKTUOOS 
Habbits given intravenous manganese chloride 
(Group J If) physiological saline (Group II) and kept 
as normal control (Group i) were sacrificed at 4, 8, 
16, 30 and 60 days. Kidneys were at once removed and 
washed with ice cold normal saline and divided into 
two longitudinal halves by a sharp rajor blade, small 
pieces were cut longitudinally from each kidney and 
treated in three different ways (for details see 
Chapter III, »>art 2), 
(a) f'nfixed pieces were directly mounted on to 
microtome chucks and kept at -20°. Sections,3-6 ri 
thick were cut in cryostat which were then directly 
mounted on cover slips and tried in air at room 
temperature (27°) for enzyme and other histochemical 
studies. The activity of enzymes vr^ase, G-6-Pase, 
and Sh?T was demonstrated in these sections. Fresh 
frozen sections were also stained with ?\<t sudan ittack 
B and oil red 0. 
(b) Thin pieces were fixed in chilled calcium 
formal solution for 24 hours at 4°. They were then 
removed from the fixative, rinsed in three changes of 
5 sucrose, blotted gently and placed in gum sucrose 
at 4° for another 24 hours, S-10/u sections were cut 
61 
in cryostat and transferred to the incubating medium 
for demonstrating the activity of acid phosphatase, 
(c) Small pieces were fixed in cold buffered 
formalin (4°) for 18 hours, sections 8-10/u were cut 
in oryostat, mounted on cover slip and dried in air, 
Sections were then incubated for alkaline phosphatase. 
Pieoes of remaining renal tissue, urinary 
bladder and ureter were also fixed in buffered formalin. 
Urinary bladders were fixed after filling with formalin, 
tieing the end and finally suspending in the jar filled 
with buffered formalin. After fixation tissue were 
processed for paraffin sections. Sections (4/u) were 
cut and stained with H & E, PAS and alcian blue-PAS. 
Kidney pieces fixed in Helly's fixative were processed 
for staining mitochondria by r»TATI (MC Manus and Mowry, 
1963). 
Tbe renal tissue from rabbits given manganese 
intratracheally (S.O.* 60, 120, 180 and 240 days) and rats 
given manganese intraperitoneally (S,0.* 60, 90, 120 and 
180 days) were processed for routine histo-pathology. 
The kidneys of rabbits with surface abnormality were 
photographed as such and then processed for routine 
histology. 
* = Sacrificed on. 
W:S'>LTS 
Macroscopic Examination; 
Kidneys of rqbblts, given manganese chloride 
intravenously, appeared normal upto 9 days. Vt 16 
days, however, they were congested. On cutting into 
two longitudinal halves, the eorticomedillary junction 
was distinct and medulla was hyperaeraic. At 30 days 
blurring of the cortical pattern and corticomed illary 
junction was noted. \t 60 days kidneys were contracted 
with tuberculated surface. \t this stage cortico-
medullary junction was ill defined. The control groip 
animals showed normal renal appearance through out the 
experiment. 
Rabbits given .V»n0o through intratracheal route 
showed congestion of kidneys at 60 days. The cortico-
medullary junction was distinct and medulla was 
hyperaemic. The surface of kidneys was found to be 
tuberc ilated at 180 days. This was, however, more 
pronounced at 240 days (Kig. 2) . 
in rats, injected with manganese chloride 
intraperitoneally the congestion in kidneys was marked 
at 90 lays. however, no other change was noticed 
throughout the experimental period. 
Fig, 2: (a) Kidney from a control rabbit showing 
normal renal surface. 
(b) Kidney iron a rabbit after 6 months 
of intratracheal inoculation with 
manganese dioxide showing tuberculated 
renal surface. 
(c) Kidneys from rabbits after 9 months 
of intratracheal inoculation with 
manganese dioxide showing very much 
tuberculated renal surface. 
Fig 2 
microscopic examination; 
General histology of mammal ion kidney with special 
reference to rat and rabbit has already been mentioned. 
The normal histology of kidney of rat and rabbit found 
in the present study was similar to that described by 
Bloom and F'awcet (19«6) and Ham (1909). 
Habbits given l/v MnCl„»4'I30 
Uistomorphological Observations: 
Control animals did not show any abnormality in 
the renal tissue throughout the coarse of the experiment. 
The experimental animals given intravenous manganese 
chloride showed varied degree of damage to the renal 
tissue at different periods. 
The sections of kidneys 6f animals given (i/v) 
manganese chloride showed marked congestion in the 
glomerular tuft and small haemorrhages in the inter-
stitial tissue, on the Sth day of treatment. These 
changes were more marked at 16 and 30 days, with red 
blood cells lying free in the spaces of the tuft and 
toraans capsule. At 16 days slightly ragged 
appearance of the ceils of proximal convoluted tubules, 
slight increase in interstitial tissue and increased 
lymphocytic infiltration were observed. \t 30 days 
irregular areas of tubular destruction were seen. 
Marked necrosis of mainly proximal convoluted tubular 
epitheli m was seen with pyknotic nuclei, which was 
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characterised by loss of fine reticular pattern and 
clumping of reticular material into dense, dark staining 
mass. Cytoplasm of these necrotic cells was markedly 
eosinophilic. Ramnants of atrophic tubules were lying 
within chronic inflammatory cells in the interstitial 
tissue. At places occasional tubules were dialted with 
flattened lining cells. Areas involved were mostly 
situated deeper in the cortex. At places medullary 
tubules were surrounded by chronic inflammatory cells. 
At 60 days moderate tubular destruction leading 
to cortical fibrosis was found (Fig. 3 ) 
Staining of mitochondria with PTAH showed dense 
granulated infra nuclear distribution of mitochondria 
in control animals. Some granules were also found 
scattered in the supranuclear region. Nuclei were 
darkly stained. In experimental group there was 
destruction of mitochondria from certain portions of 
the proximal tubular epithelium at 30 days. The loss 
was limited to only those cells which had undergone 
complete cell death. In some tubular cells, the 
mitochondria granules were only limited to infranuclear 
position 
P\s stained sections showed thickened basement 
membrane of the parietal epithelium of the Bowman's 
capsule at 80 days in almost ail the glomeruli. But in 
cases of glomeruli seriously damaged and possessing 
a 
b 
shrunken glomerular tuft, the thickening of basement 
was more pronounced. The basement membrane of the 
proximal convoluted tubules and ascending limb of the 
loop of Henle vas thickened, though it was more 
pronounced in uie titer u ig. 4). 
The histological structure of ureter and urinary 
bladder obtained from experimental animals appeared 
similar to that seen in normal animals and the normal 
architecture was same as described by Ham (1069) and 
nioom and Fawcet (1966). 
The walls of the ureter and urinary bladder 
consisted of three coats: inner most mucous membrane 
middle muscular coat and the outer adventia. 
In the ureter the epithelium was 1 to 5 cell 
thick and was of transitional type. The lamina propria 
of the mucous membrane was found to be dense and the 
mucous layer formed folds. The muscular layer consisted 
of outer circular and inner longitudinal muscle fibres. 
Adventia the outer most coat consisted of fibroelastic 
tissue. 
The urinary bladder, however, had thick wall. 
In mucous layer transitional epithelium was about 2 or 
3 cells thick in distended bladder, whereas in empty 
bladder it was about 5 cell thick. The lamina propria 
extended deep, to form the sub mucosa layer. The 
mucosa formed folds in empty bladder. 
Fig* 4: (a) Renal cortex of a control rabbit 
showing normal structure of 
Bowman*s capsule and segments of 
nephron. PAS x 225. 
(b) Renal cortex of a rabbit after 
manganese chloride 3.5 mg/kg 
administration for 60 days, showing 
thickening of basement membrane of 
the Bowman's capsule and segments 














Enzyme histochemical react ions showed patchy loss 
of the a c t i v i t y of SDH a f t e r 4 days, AT^ase and G-6-Pase 
a f te r 8 days, a lkal ine phosphatase and MAO af te r 30 days. 
The acid phosphatase a c t i v i t y was found to be increased 
a t 30 days. The histoenzymic a l t e r a t i o n s observed have 
been shown in Table I I . 
Succinic Dehydrogenase (sun) : 
The snil a c t i v i t y in rabbi t kidneys was 
predominantly seen in the proximal convoluted tubules , 
ascending limbs of Monle's loop and d i s t a l convoluted 
tubules . The glomeruli and descending limb of loop of 
Henle were devoid of a c t i v i t y . The col lec t ing tubules 
showed only moderate react ion in the cortex and outer 
medulla (Fig. 5a ) , while la rger col lect ing tubules 
did not show any a c t i v i t y . 
Activi ty of smi was seen in the form of 
intense bluish black deposi ts of formazan. 
In experimental rabbi t s the a c t i v i t y of Sf»H was 
inhibi ted from the patohy areas ot the cortex as early 
as on fourth day of manganese administration. Marked 
loss of a c t i v i t y was observed fro« patchy areas of 
cortex on sixteenth day, with further loss of a c t i v i t y 
observed af te r 30 days of manganese administrat ion. 
The loss of a c t i v i t y was mainly from the s t ra igh t 
port ions of the proximal convoluted tubules and ascerwline 
70 
ab le I I 
C o r r e l a t i o n of t h e a l t e r e d hls toenzymic r e a c t i o n s 
and morphology in the r e n a l t i s s u e of r abb i t 
fo l lowing d a l l y i/V i n j e c t i o n s of manganese c h l o r i d e 
(3 .5 mg/ i .5 k g ) . 
Jays J Histoerczymlc r e a c t i o n 
t . , — . - . , . - . . • - . . • • • , . , • , • 
• Morphology 
4 '.-vtsi! i n h i b i t i o n . Ko change in 
AH'ase, « - 6 - P a s e t Alk, 1'ase, K,V 
Acid Pose. 
8 .dark ad sr«H i n h i b i t i o n . c-fi-Pase 
and A f r a s e i n h i b i t i o n . M k . P a s e , 
l.v and Acid Pase u n a l t e r e d . 
16 ' x t e n s l v e a r ea s of lo s s of SMi 
Aarked lo s s of G-6-Pase and 
Vll'nse. AlSc. Pase, "tiV and Acid 
f'ase u n a l t e r e d . 
Normal a r c h i t e c t u r e 
Glomeruli congested 
Areas of focal 
haemorrhages in 
the I n t e r s t i t i a l 
t i s s u e . 
Necros is of e p i t h e -
lium of proximal 
t u b u l e s . 
30 I n t e n s i v e loss of SMi. 
Increased los s in sf-6-Pase and 
,u i'ase a c t i v i t y . Alk. Pase 
absent from foca l a r e a s . ;iA<* 
a c t i v i t y i n h i b i t e d . Acid Pase 
a c t i v i t y i n c r e a s e d . 
Necros i s of proxiaia] 
t u b u l a r epi thel ium 
and foca l areas of 
t u b u l a r d e s t r u c t i o n . 
Fig* 5: (a) Renal cortex of a control rabbit 
showing normal activity of 
succinic dehydrogenase in the 
inner cortex, x 225 
(b) Renal cortex of a rabbit after 
manganese chloride (3,5 mg/kg) admini-
stration for 30 days showing loss 
of activity of succinic dehydrogenase 
from patchy areas of inner cortex, 
x 225. 
1 n/ $ f i-' 
* as 
limb of the loop of Henle (Fig. 5). 
Monoamine Oxidase (MAO) : 
Faint reaction of MAO was seen in the rabbit 
kidney in the proximal convolutions, present in the 
outer cortex. The glomeruli were negative. 
In the medullary portion, with small transections 
of ascending limb of loop of Henle, the activity was 
fairly intense in the form of small purple formazan 
granules in the cytoplasm of the cells. Collecting 
tubules showed faint activity. 
In experimental rabbits, activity of MAO was 
found to be depleted at 30th day from the proximal 
tubules as well as in the ascending limb of loop of 
Henle (Fig. r>K 
Adenosine Triphosphatase (ATPase): 
AT^ase activity was found to be destributed in 
the cells of proximal tubules, ascending limb of Henle's 
loop and distal convolution. The activity was in the 
form of black brown precipitate distributed throughout 
the cytoplasm. 
In experimental rabbits the loss of activity of 
ATPase was observed in certain tubular portions mainly 
ascending limb of Henle's loop at 8th day of manganese 
administration. The loss of activity was more marked with 
increase in time period of manganese treatment (Fig. t> . 
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Fig, 7: (a) Renal oortex of a control 
rabbit showing normal 
distribution of adenosine 
triphosphatase activity. 
x 225. 
(b) He rial cortex of a rabbit 
after manganese chloride 
(3,5 mg/kg) administration 
for 16 days showing loss of 
adenosine triphosphatase 







In the present study control rabbits showed dark 
activity in the proximal tubule. The activity was 
uniform through out the cell cytoplasm. 
in the experimental rabbits, the G-';-i»ase activity 
was found to be absent from focal areas after eight days 
of manganese administration. The loss of activity was 
snore marked at 30th da». (Via,, 8). 
Alkaline Phosphatase 
Alkaline phosphatase is known to be distributed 
in the proximal convoluted tubules. Similar activity 
was demonstrated in the control rabbits in the present 
study. The activity was diffuse throughout the cell 
cytoplasm. The loop of Henle, distal convolution and 
collecting tubule were negative for alkaline phosphatase 
activity. 
in experimental rabbits, however, there was loss 
of activity of this enzyme fro .a focal areas of renal 
cortex at 30th day of manganese administration. 
Apid Phosphatase 
voderate. activity of acid phosphatase was seen 
in the proximal and distal convoluted tubules, loop 
of >lenle and collecting tubules of control animals. 
The activity n?K in the form of small granules 
distributed evenly in the cytoplasm. 
) ^enal cortex of a control 
rabbit showing normal 
distribution of glucose-6-
phosphatase activity, x 225. 
) Uenal cortex of a rabbit after 
manganese chloride (3,5 rag/kg) 
administration for 8 days 
showing loss of activity of 
glucose -6-phosphatase from 
patchy areas. x 225. 
^ 3 ^ 
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In experimental rabbits there was increased 
activity of this enzyme in the proximal convoluted 
tubule, in focal areas of the cortex, which was observed 
at 30th day (Fig, 9), Henle's loop also showed 
increased activity of acid phosphatase (£•!&».TIO) »^. 
Rabbits given I/T MnOn; y s . v ^ \ 
a ' 2 ^ r Aco No. ;.- ^  
-
(
 ~ ~ \ T \ . ( o \ \ ' "'• 
Histomorphological Observations: f A v ^ n ^ 
Kidneys obtained from MnOg inoculate^i^fftbttfr 
showed marked congest ion and small areas of haemorrhages 
in the i n t e r s t i t i a l t i s s u e at 60th days ( F i g . 11) . The 
HBC were found ly ing free in the Bowman's space. Marked 
necros is of proximal tubular epithelium was observed, 
Cytoplasm of the necrot ic c e l l s was markedly e o s i n o p h i l i c . 
At 120th days, congestion was much l e s s than 
seen at 60th days . Necrosis of the e p i t h e l i a l c e l l s 
of the proximal as well as d i s t a l convoluted tubules 
was ev ident . The c e l l u l a r l i n i n g s were i n d i s t i n c t and 
there was marked vacuol izat ion of the cytoplasm, 
Cel lu lar debris and RBC were seen ly ing in the tubular 
lumen, 
At 180 days, there were focal necrot ic areas 
and d i s t o r t e d tubules in the cortex with c o l l e c t i o n of 
inflammatory c e l l s and young f i b r o b l a s t s . Glomeruli 
at p laces showed complete o b l i t e r a t i o n of Bowman's 
space. At 180 and 240 days, thickening o f the basement 
membrane of the par ie ta l epithelium of Bowman's capsule 
) Renal cortex of a control rabbit 
showing normal distribution of 
acid phosphatase. x 800. 
) Renal cortex of^rabbit after 
manganese chloride (3.5 mg/kg) 
administration for 30 days showing 
intense activity of acid phosphatase 
in the proximal convoluted tubules. 
x 900, 
Renal medulla of a rablit after 
manganese chloride (3.5 tag/kg) 
administration for 30 days showing 
Intense activity of acid phosphatase 
in the transections of the loop 
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Fig. 11: Section from kidney of a rabbit at 
60 days of manganese dioxide 
administration (400 rag/kg) showing 
marked congestion and necrosis of 
tubular epithelium. H & E x 800. 
Fig. 12: Section from kidney of a rabbit at 
240 days of manganese dioxide 
administration (400 mg/kg) showing 
necrosis of the tubular epithelium 
with fibrous bands extending from 
the capsule into the cortex. 
H & B x 225. 
*. 3 i: 
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Fig 12 
was observed after PAS staining. 
\t 240 days capsule was slightly thickened and 
fibrous bands were found extending from the capsule 
deep down into the cortex. Medulla was congested and 
focal collection of inflammatory cells mainly lymphocytes 
were seen in the interstitial tissue. (Fig,. 12). 
Rats given l/p .MnClp.4*1^0: 
Control rats did not show any abnormality in 
the renal tissue throughout the course of experiment. 
The manganese chloride injected rats showed varied degree 
of damage in the renal tissue at different periods. 
•\t 90 days, the sections of kidneys of manganese 
injected rats showed marked congestion of glomeruli and 
small areas of haemorrhages in the interstitial tissue. 
At 130 days, irregular areas of tubular destruction 
were observed with necrosis of the epithelial cells of 
the proximal convoluted tubules. In some slides 
occasionally a few glomeruli were found atrophied. The 




in the present s tudies* histoenzymic ami h i s to -
morphological a l t e r a t i ons were observed in the renal 
t i s s u e . 
The histoenzymic a l t e r a t i ons in the renal t issue 
of experimental animals were loss of the a c t i v i t i e s of 
si'M, MVJ, MM>ase, !;-*3-*'ase and a lka l ine phosphatase 
from focal areas of renal t i ssue whereas the ac t i v i t y of 
acid phosphatase was found to be , icreased. The e a r l i e s t 
enzyme affected by manganese was SJ'ts in the renal 
t i s s u e . 
The a c t i v i t y of S!u? in the kidneys of various 
species of mammals has been d e s c r i e d by several 
inves t iga tors ( ^ adykula, 1952; iiutenburg e t a l . , 19 >3; 
shel ton and Schneider, 1952; achate in and ve i se l , 19 Via; 
achs te in , 1915; Sternberg e t a l . , 1956). in r a t si !! 
is most effect ive in the proximal port ions of convoluted 
tubules , d i s t a l tubules and ascending limbs of Ifenie. 
rue terminal portions of the tubules in r a t show les9 
a c t i v i t y . However, in other species including man 
a c t i v i t y i s higher in d i s t a l convoluted tubules than 
in the proximal portion ( ' a chs t e in , 1953). col lect ing 
tubules show moderate activity while glomeruli are 
negative. The histochemical reaction of various enzymes 
including SDH are shown in Table III. The pattern of 
SS>H activity in various segments of nephron in the present 
study is in agreement with the Table given here. The 
ultracentrifugation and biochemical studies have revealed 
that SDH in the cell is limited to mitochondria (Cameron, 
1956). 
Heavy metals like cadmium, mercury and lead are 
also known to inhibit the succinoxidase activity of pigeon 
breast muscle preparation (Barron and Kalnitsky, 1947) 
and disrupt the pathway of oxidative phosphorylation. 
Besides, reduction in SDH activity in kidney by mercurial 
diuretics has also been reported (Hennels and Rusk in, 
19^4; achstein and Heisei, 1954V but only in connection 
with cellular necrosis. 
In the present study loss in SDH activity found 
in ascending limb of Uenle's loop has been similarly 
described with mercurial diuretics by Mustakallio and 
Telkka (1953); Mustakallio and Telkka (1955). The SI)J 
is also found to be r«;luced in necrobiotic c*lls often 
preceding microscopic changes demonstrable with routine 
histology (v/achstein and Heisel, 1954c). 
Like SDH activity of MAO is also localized in 
the mitochondria (Cotzias and Dole, 1951). It shows 
strong activity in renal tubule of most of the mammals 
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Glenner et al., (1957) demonstrated the activity of MAO 
in the renal tissue of rabbits, to be localized in the 
epithelium of the proximal tubule and the cortical and 
outer medullary portions of the collecting tubule, 
In the present study, the activity of MAO in 
controls had similar distribution as described by 
Glenner et al. (1957) with the difference that the 
activity in the proximal tubule was not as high as 
reported by Glenner (1957). The activity found in 
the present study also showed higher activity in the 
ascending limb of il-nie's loop. The glomeruli did 
not show any activity. 
The activity of G-6-Pase in renal tissue is 
reported to be mainly localized in the proximal tubule 
of rat, rabbit, cat, dog and man (vachstein, 1955), 
Chiquoine (1953> reported in mouse kidney some activity 
in the ascending limb of Uenle and parietal epithelium of 
Bowman's capsule. fhe control groups in the present study 
also showed activity in the proximal tubular epithelium 
and the activity was uniformly distributed in the 
cytoplasm, 
Dimunition and complete loss of G-6-^ase activity 
from proximal tubule was observed at eighth day. 
Similar loss of G-6-Pase activity has also been reported 
with phlorizin, fluoride ions and zinc (Lowell et al,t 
1933) Broh-Kahn and Mirsky, 1948). 
8!> 
The localization of ATPase activity in the present 
study demonstrated Ca++ activated myosin ATPase, The 
activity of ATPase in kidney has been described by 
Padykula and Herman (1955). In the present study ATPase 
activity was consistently demonstrated in the proximal 
convoluted tubules including its brush border, and all 
other segments of the nephron* The activity in brush 
border may be mainly due to the participation of nonspecific 
alkaline phosphatase towards the hydrolysis of ATPase as 
reported by Padykula and Herman (1955) in the brush 
border of intestinal epithelium. The compounds which 
inhibit ATPase i.e. -SH inhibitors, p-chloromerouri-
benzoate (PCMB) are known to inhibit the cytoplasmic 
ATPase activity i of proximal convoluted tubules, whereas 
brush border activity due to alkaline phosphatase 
remains unaffected (Padykula and Herman, 1955). On the 
other hand -SH compounds such as cysteine are reported 
to enhance the ATPase activity including that found in 
the brush borders suggesting localization of ATPase in 
the brush border. 
The activity of alkaline phosphatase in different 
species of mammals has been described by several workers 
(Maengwyn-Daview and Fridenwald, 1950; Gomori, 1941b; 
Longley and Fisher, 1954; Wachstein, 1955). The activity 
in the renal tissue of oontrol rabbits in the present 
i 
nvestigation, was found in the proximal convoluted 
or 
p tions of the tubules, whereas in their terminal 
portions there was no activity (tfachstein, 1955). 
The activity of acid phosphatase in normal rabbits 
has been described by wachstein (1955) to be localized 
in all the segments of the renal tubule. Similar activity 
was observed in the present study. The activity in 
controls was moderate in the proximal convoluted tubule 
and low in the loop of Henle and collecting tubule. 
In the experimental rabbits increase in activity in the 
proximal tubule and loop of Henle was found at 30th day. 
Changes in acid phosphatase activity have al so been 
described by several other workers in different conditions 
(Granko and Niemi, 1954; Wachstein, 1944; Marsh and 
Brabkin, 1947). 
The enzyme histochemical alterations in the renal 
tissue of rabbit has been described by Jonek et al. (1965) 
in chronic manganese toxicity. It is therefore, assumed 
that these enzyndc alterations reported by them are after 
the histological changes. The emphasis is being laid 
in the present study to examine early histochemical 
changes which could give the possible clue for 
establishing the site of biochemical changes induced by 
manganese chloride. 
The significance of most histochemical reactions 
for intracellular enzymes in the renal tubular epithelium 
is not well known (wachstein, 1955). it is, however, 
apparent that histoenzymlc techniques serve to 
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illustrate the variety of metabolic processes which 
occur within the renal cells. 
The enzyme SDH is known to play role in the 
oxidative phosphorylation in the mitochondria. Inhibition 
or loss of SOU activity thus indicates disturbed 
oxidative phosphorylation in mitochondria (Vailee and 
Ulmer, 1972). The inhibition of SOU activity in the 
focal areas of renal tubule as the first observable 
change at 4th day when the histological damage is not 
seen under light microscopy suggests that disturbance 
in oxidative phosphorylation occurs earliest in the 
presence of excess of manganese, 
it is well established that manganese accumulates 
in organs rich in mitochondria. The kidney being one 
of the organs rich in mitochondria thus accumulates 
large amounts of manganese (Cotzias, 1958; Cotzias and 
Greenough, 1958). The tracer techniques have shown 
that radioactive manganese introduced in the body is 
mainly localized in the mitochondria (Cotzias, 1958). 
It is, therefore, presumed that the manganese accumulated 
in mitochondria of renal tubular cells inhibit Sl-H 
activity thus altering mitochondrial function. 
The functional significance of G-6-Pase is due to 
its involvement in the breackdown of glycogen to glucose. 
It would appear that the mechanism of tubular glucose 
reabsorption consists of two steps. Firstly, estrifica-
tion of glucose to glucose-6-phosphate (G-6-P) by means 
of oxidative phosphorylation take place ("achstein, 1955). 
Secondly, hydrolysis of G-6-P liberates glucose. Alkaline 
phosphatase and more particularly G-6-Pase are involved in 
the second step thus helping in the glucose transport 
(Wilmer, 1944; Drabkin, 1948). Loss of G-6-Pase and 
alkaline phosphatase in the present study and also in 
necrobiotic rat kidney ('achate in and Mesil, 1957) has 
been reported following SDH inhibition. The loss in 
G-6-Pase and ATPase, on 8th day and alkaline phosphatase 
at 30th day suggest that these enzymic changes follow 
SDH inhibition which is the earliest to occur. The 
decrease in the activity of these enzymes following SDH 
inhibition, therefore, seem to be presumably due to slow 
metabolism of cells which are in the process of 
degeneration. 
The functional significance of acid phosphatase 
lies in its lysosomal origin. The lysosomes have about 
twelve hydrolytic enzymes including the acid phosphatase 
which appear to be involved in the intracellular digestion 
of the pinocytosed material and turnover of subcellular 
constituents (Hsu and Tappel, 1964). Kidney is one of 
the organs in which the epithelial cells of the tubules 
have ability to pinocytose macromolecuies. The increase 
in the acid phosphatase at 30 days may be due to the 
degenerative changes in the cells which are in the 
process of digestion of the intracellular material. 
Jonek et al. (1965) have reported increased acid 
phosphatase activity in the renal tissue of manganese 
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treats rabbits hnd have suggested these changes 
indicative of degeneration and increased pinocytosis. 
The histological change? found in the renal tissue 
of rats and raboits after th# various dosage and routes 
of administration of manganese salts showed basically 
similar changes. These were early cytoplasmic and nuclear 
changer and congestion followed with tubular degeneration 
and interstitial fibrosis, 
Th«s hist? Le-aical changes^ after manganese 
administration,in renal tissue of various laboratory 
aninals have been described by several investigate*a 
(Hurst and Hurst, 1923; Grueinstein and Popowa, 1928). 
tJut these results are not consistant and also do not 
illustrate the process of degenerative changes. The 
present study, however, has provided consistant results 
in two species of animals and has also shown the progress 
of renal damage after different dosage and route of 
administration of manganese salts on comparative basis, 
Many other chemicals like - phenacetin, sodium 
salicylate, excess sodium chloride, mercury and dimethyl 
nitrosamine are known to damage renal tissue (Clausen, 
1964; tiobinson et al., 1967; Dories et al,, 1970; Anthony 
and Brown, 1970; tfonnell et al., 1960; jasmin end Riopeile, 
1968), A few workers have reported enzymic changes in 
nephropathies xriuced by many of these substances (Galeone 
and Levi, .1954; Jasmin and Biopelle, 1963). 
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The histological studies show that earliest changes 
in rabbits given intravenous manganese chloride developed 
at 16 days in tho form of cytoplasmic and nuclear changes 
in the epithelium of proximal convoluted tubule$ whereas 
in rats similar changes were observed at 90 days of 
intraperitoneal injections of manganese chloride* Similar 
changes in the epithelium of proximal convoluted tubules 
of rabbits after l/T Mn02 were observed after 120 days, 
In rabbits marked tubular degeneration and interstitial 
fibrosis was observed at 60 days and 240 days respectively 
after i/v and i/T manganese administration. The precise 
stu<*.y of the anatomy of glomerular and other basement 
membrane has been suggestid with FAS method, which may 
delineat various types of renal diseases (Mc Manus, 1943, 
1955). The thickened basement membrane of shrunken 
necrotic glomeruli and certain tubular segments are 
Indication of necrotic changes in these parts of nephron, 
From the aforesaid, discussion it is evident that manganese 
alters the mitochondrial function leading to cell 
destruction and^eath. Of ail enzymes tested, Si)H seems 
to be the most sensitive indicator of nephrotoxic ceil 
damage (vv'ach3tein, 1957), 
It has been reported that inhibition of SLM may 
lead to depletion of other enzymes in the cells 
(Mustakallio and Talkka, 1953), Therefore, it is assumed that 
manganese first inhibited SDH which lead to depletion of 
other enzymes in the cell. Thus the inhibition of 
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enzymes ATPase, G-6-Pase, alkaline phosphatase and MAO 
in the present study appears to be the effect of 
manganese on the general metabolism of the cell through 
its direct inhibitory effect of smi, 
The histochemical and histological alterations 
suggest that kidney function might be greatly influenced 
by way of the toxic effect of manganese leading to kidney 
dysfunction. Tubular dysfunction secondary to damage 
induced by lead has been reported (iun et al,t 1966). 
The decrease in serum inorganic phosphates in 
rabbits (l/f Mn0o ias been suggested to be the 
result of increased phosphate diuresis (Chandra et al., 
1973) which is a disturbance of kidney function. 
P\!(T I I 
MIsrOGMKMJC.'U. ASH HISTOLOGICAL STfMJJKS ON TESTIS 
S17MMAKY 
The present study deals with the histoenzymic 
and histomorphological alterations in testis of 
experimental animals after administration of manganese 
salts. The histomorphological studies in testis of 
rabbits at 60 to 240 days after single dose of intra-
tracheal manganese dioxide (400 mg/kg) and at 5 to 90 
days after daily intravenous injections of manganese 
chloride (3.5 mg/kg) were carried out. In rats, 
histomorphoiotrical studies were carried out at 60 to 
ISO days after daily intraperitoneal injections of 
manganese chloride (8 mg/kg). 
The histoenzymic changes in testis of rabbits 
after daily intravenous injections of manganese chloride 
(3.5 mg/kg) were patchy loss of SI.W activity from 
tubules at 5th day when no morphological alteration 
was observed in the tubules. The enzymes to be affected 
later were G-6- r:> and N\ fJD at 15 days. There as 
marked inhibition of the activity of these enzymes 
from tubular epithelium, whereas an increase in the 
activity of G-«-•>:•' at 15 days and in 3-/3-OTIS'; activity 
at 30 days was seen in the interstitial tissue. The 
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acid phosphatase activity increased markedly in the 
epithelial cells of tubules at 30 days. 
The histomorphological changes in rabbit testis 
were found to be slight oedema of interstitial tissue 
and vascular engorgement in early stages after intra-
venous injections of manganese chloride or single 
intratracheal administration of manganese dioxide 
(400 mg/kg) with marked degenerative changes at later 
stages, when tunica albuginea was thickened with fibrous 
bands extending deep into the testicular tissue. The 
first sign of testicular degeneration in rats appeared 
at 90 days after daily intraperitoneal injections of 
manganese chloride (S mg/kg) with changes in later stages 
similar to those found in rabbits. 
In general rats and rabbits showed progressive 
degenerative changes in testis. The giant cell 
formation and calcification in the seminiferous tubules 
were commonly found in chronic studies with manganese. 
The possible underlying mechaism of the toxic 
action of manganese on testis may, therefore, be the 
result of interference of manganese with the energy 
production in the cells of seminiferous tubular epithelium, 
This ultimately may lead to slow metabolism in the 
cells and inhibition of G-6-Pr and NADHD in the 
tubular epithelium* Manganese initially seems to 
affect the germinal function of the testicular 
tissue without disturbing steroidogenesis. The enzymes 
3-/3-Q'IS)> and G-6-l»f.< which are the key enzymes in 
steroid biosynthesis remain unaffected in the inter-
stitial tissue in early stages of manganese toxicity. 
The increase in their activity in the interstitial 
tissue at later stages of manganese toxicity may be 
physiologically significant or merely a consequence of 
increase of interstitial tissue due to the shrinkage 
of tubules. It is concluded that manganese in early 
stages of toxicity affects the germinal function of the 
testis by interfering with the energy synthesis in the 
cells of the seminiferous tubules. 
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'lvr»OtH?CTl"N 
The testis is a compound tubular gland surrounded 
by fibrous capsule, the tunica albuginea. \t the back of 
the testis, a thickening of the tunica albuginea projects 
into the gland as the mediastinus testis, from which arise 
various partitions or septa which extend radially into the 
testis to join the tunica albuginea thus dividing the 
testis into compartments or lobules. ithin each lobule 
are found one to many seminiferous tubules which have 
spermatogenic epithelium. In between tubules is the 
connective tissue stroma in which are embedded clumps of 
endocrine cells, the interstitial cells of leydig which 
produce androgens. 
seminiferous epithelium 
In adults, the epithelium of seminiferous tubules is 
made up of two categories of cells - the nutrient and 
supporting cells of Sertoli and the germinal
 o r 
spermatogenic cells, which through proliferation and 
complex transformations produce mature spermatozoa. 
Phe Sertoli cells, in between densely crowded 
spermatogenie cells, are slender and situated 
perpendicular to the basement membrane of the seminiferous 
tubule, to which they are attached. They are 
distinguishable from the spermatogenic cells by their 
vesicular nuclei, large nucleolus, cytoplasmic fibrills, 
and crystalloids. ; ach cell has distinct plasma membrane. 
j'he shape of these cells is variable closely conforming 
to the irregular contours of the differenciatin^ germs 
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within the apical cytoplasm of Sertoli cells are in fact 
embedded in trie recesses in their irregular luminal 
surface. 
The germinal or spermatogonia cells consist of 
multi-layered epithelium in which germinal cells in 
various stages of development are seen. The inner most 
layer consists of the earliest generations of the 
spermatogenic cells whereas the more mature forms are 
nearer to the lumen. During spermatogenesis the 
spermatogonia divide mitotically to produce large number 
of new spermatogonia. Some of them persist as such along the 
inner surface of the basement membrane while others 
move away from the basement membrane and undergo a marked 
increase in their size and change in nucleus to gradually 
transform into primary spermatocytes. 
The primary spermatocytes undergo meiosis to 
produce secondary spermatocytes, each of which in the 
second phase of meiosis divide to form spermatids. 
The spermatids are transformed later by the proems oi 
spermiogenesis into mature sperms. 
In applying his *'" ^ liemic il techniques to testis 
considerable difficulty may he encountered in ascribing 
a particular reaction to any particular type of cells of 
the spermatogenic epithelium because the identification 
of these cells may be difficult due to deposition of the 
reaction product in these cells, and their obscured 
cellular details. However, in such instances useful 
information is obtainable from alternate sections stained 
with H & K, 
Interstitial cells 
These are irregularly polyhedral cells in compact 
groups found scattered in the angular spaces between the 
seminiferous tubules. Transitional forms, which are 
smaller, round or elongated are common. The cytoplasm 
of interstitial ceils commonly contains lipid droplets, 
and crystalloids. 
Testicular tissue and manganese 
The testis are among the organs which deposit 
some amount of manganese in them (Kar et al., 1972). 
The s first study on histopathoios;icai changes in rat 
testis was reported by Chandra (1971). This followed 
with some biochemical studies in testicular tissue in 
chronic manganese toxicity (Kar et al., 1972; 
Chandra et al., 1973 and Seth et al., 1973). These 
studies revealed damage to seminiferous tubules with 
considerable necrosis and loss of epithelium and giant 
cell formation. 
The spermatogenic cells of the seminiferous 
epithelium are sensitive to noxious factors of various 
kinds, in pathological conditions of general (infectious 
diseases, alcoholism, dietary deficiencies) or local 
(injury, inflammation) character and under the influence 
mental depression, the degenerative changes specially the 
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aiant c e l l s formation by coalescing spermatids are cotomon 
(, iloom and Fawcett, 19«i6). The regeneration of t e s t i s 
under favourable condit ions when the noxious factors 
have been removed, i s sometimes poss ib le . The Ser to l i 
c e l l s a r e , however, more r e s i s t an t to the effect of 
toxic fac tors and may be seen lying unaffected in the i r 
posi t ion (rtloom and Fawcett, I9t>6). The i n t e r s t i t i a l 
c e l l s of leydig in inflammatory les ions of the t e s t i s 
divide a i t o t i c a l l y and become f ib rob las t s 0*1 oom and 
Fawcett, I960), i t seems that they d i f ferencia te from 
primitive connective t i s sue c e l l s because in pathologic 
condit ions the i r number way increase through transforma-
tion of connective t i s sue elements, i . e . , the pers is t ing 
mesenchymal ce l l s sca t tered between the tubules and 
around the blood vessels Oiloora a n d Fawcett, I0*i6). 
Cue present s tudies on t e s t i s aim at determining 
the early ttistoenzyinic a l t e r a t i o n s in manganese treated 
rabbi t s and de ta i led his r,opatholo«ical s tudies in t e s t i s 
of rabbi ts and r a t s af ter manganese adminis t ra t ion. 
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MATERIALS AND METHODS 
Rabbits, given intravenous manganese chloride 
(Group III), physiological saline (Group II) and 
nept as normal control (Group I) were sacrificed at 
5, 10, 15 and 30 days. Scrotum was cut open and the 
test»s were gently removed. Small pieces from testis 
were cut transversely and treated in three different 
ways (for details see Chapter III, Part 2). 
(a) Unfixed fresh pieces were immediately mounted on 
the cryostat chucks for section cutting* Frozen sections 
(5-6/u)were cut and lifted on slides or coverslips. They 
were used for the histochemical demonstration of the 
enzymes ATPase, SDH, NAD HI) and 3-y3-hydroxy steroid 
dehydrogenase (3-/30HS;)). 
(b) Thin pieces fixed in chilled calcium forniol were 
processed for the demonstration of acid phosphatase 
activity, 
(c) Pieces from testis fixed briefly in buffered formalin 
(IS hours) at 4° were processed for the demonstration of 
alkaline phosphatase, 
The rest of pieces from all the testes fixed 
in buffered formalin for longer period (48 hours or more) 
100 
were processed for the p a r a f f i n s e c t i o n s . Sect ions 4/u 
were cut and s t a ined wi th u and K, and PAS. Von Kossa's 
method ( s ' e a r s e , 1972) for the h i s tochemica l demonstrat ion 
of calcium d e p o s i t s in t e s t i s was used. 
The t e s t e s obta ined from r a b b i t s adminis te red 
manganese d iox ide (•*.•>. 00 , 120, ISO and 2-f ) days) and 
r a t s ijiven manganese c h l o r i d e i n t r a p e r i t o n e a l I y (*•'. .* *>0, 
»0, 1:20 and ISO days) were obtained a f t e r k i l l i n g the 
an imals . Testes were inc i sed with a sharp blade and then 
fixed in buffered fo rmal in . \ f t e r proper f i x a t i o n they 
were cu t i n t o t h i n p ieces and processed for r o u t i n e 
h i s t o l o g y , s e c t i o n s were s t a i n e d wi th H <lv (.', <lv and 
Von rvossa's method for calcium d e p o s i t s . 
Von ivosaa's method for calcium d e p o s i t s 
s e c t i o n s were brought to d i s t i l l e d water and tfien 
immersed in t aqueous s o l u t i o n of .\% No,, for 15 minutes 
in sun l i g h t , s e c t i o n s were r insed in d i s t i l l e d wate r , 
immersed in 5 sodium t h i o s u l p h a t e s o l u t i o n for 30 
seconds and then washed in tap wate r . \ f t e r dehydra t ion 
and c l e a r i n g s e c t i o n s were mounted in !>«»\. 
Calcium d e p o s i t s (phosphates and carbona tes ) 
appeared b l ack . 
s a c r i f i c e d on 
RESULTS 
Macroscopic Examination; 
Testes from rabbits given intravenous manganese 
chloride appeared normal throughout the course of the 
experiment i,e. upto 30 days. The testes from rabbits 
given manganese dioxide showed marked reduction in size 
with the increasing time, 
In rats, patchy calcification of tubules was 
clearly visible from the surface of testis at six months 
and onwards after manganese administration. In few cases 
whole testis was chalk white with thickened capsule 
(tunica albuginea) which easily stripped off, 
Microscopic Examination; 
The normal histology of testis of rat and 
rabbit observed in the present study was similar to 
that described by Johnson et al. (1970); Bloom and 
Fowcett (1966) and Ham (1969), 
Histoenzymlc Observation; 
Enzyme histochemical reactions showed reduced 
activity of SDH in the seminiferous tubules at 5 days 
and NADHD and li-6-Pa at 15 days after manganese 
administration, An increase in the acid phosphatase 
activity in the epithelial cells and 3-/30HSD and 
G-6-PI) activities in the interstitium after 30 days 
1 
was observed in the present studies (Table IV). 
Succinic Dehydrogenase (SDH): 
The activity of SDH was mainly found to be 
distributed throughout the seminiferous epithelium and 
the interstitial tissue* The inteaslty and distribution 
of the enzyme was unfform in the testis of control 
rabbits. 
A considerable decrease in the activity of SDH 
was observed at places from tubular epithelium at 5 days 
after manganese administration (Pig* 13), The number of 
tubules showing decreased activity increased with the 
advancement of time and at 30 days, there was almost 
complete loss of activity from epithelial cells of 
almost all the tubules while no change was noticed in 
the interstitial tissue, 
NADH Diaphorase (NADHP): 
In control rabbits, activity of NADHD was located 
in the epithelium of seminiferous tubules and in the 
interstitial tissue. The activity was more intense 
in the interstitium than the epithelial cells, 
In manganese treated rabbits there was appreciable 
loss of activity of NADHD from groups of seminiferous 
tubules at 15 days. The decrease in the activity of 
NADHD was more marked at 30 days and at this period 
reduction in activity was also found in the interstitial 
tissue (Fig, 14). 
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rablp TV! 
Relative changes in the a c t i v i t y of various enzymes 
in t e s t i c u l a r t i s s u e of control and experimental 
rabbi t s ( l /v ,4ih-lo.4K.>0). 
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(a) Section from testis of a control 
rabbit showing activity and 
distribution of succinic dehydrogenase 
activity in the testicular tissue. 
x 900. 
(b) Section from testis of a rabbit 
after manganese chloride (3.5 mg/kg) 
administration for 5 days showing 
marked decrease in the succinic de-
hydrogenase activity from the 
seminiferous tubules. x 900, 
(a) NADH-Diaphorase activity in the testis 
of a control rabbit showing moderate 
activity in the seminiferous tubules 
and the interstitial tissue, x 225, 
(b) KADH-Diaphorase activity in the testis 
of a rabbit treated with manganese 
chloride (3.5 mg/kg) for 30 days 
showing decreased activity in the 














Glucose-6-Phosphate Dehydrogenase (G*6»PD): 
The enzyme G-6-Pn was found to be distributed in 
the tubular epithelium as well as in the interstitial cells 
of testis* The activity was uniformly present throughout 
the section in the control animals, 
In manganese treated rabbits, intensity and 
distribution of G-6-PD activity was found to be similar 
to that seen in controls upto ten days, while marked 
decrease in the activity of this enzyme from tubular 
epithelium was noticed at 15 days. The activity in the 
interstitial tissue was increased at 15 days (Fig, 15). 
The loss of activity of G-6-PD from epithelium 
increased with the time and there was almost oomplete 
loss of activity at 30 days from all the tubules seen 
in the section. The activity in the interstitial tissue 
remained similar to that found at 15 days, 
3-/3-Hydroxy8teroid Dehydrogenase (3-/3-0HSD): 
In control rabbits, activity of 3-/3-GHSD was mainly 
localized in the interstitial cells of testis. In 
experimental rabbits, the activity of this enzyme remained 
unchanged upto 15 days after manganese administration. 
At 30 days, the activity increased in the interstitial 
tissue, 
Acid Phosphatase: 
The activity of acid phosphatase in control 
animals was demonstrated in the epithelial cells of 
lUb 
Fig. 15: (a) Glucose-6-phosphate dehydrogenase 
ac t iv i ty In the t e s t i s of a control 
rabbit showing moderate act iv i ty in 
the seminiferous tubules and the 
i n t e r s t i t i a l t i ssue . X 225. 
(b) Glucose-6-phosphatase act iv i ty in 
the t e s t i s of a rabbit treated with 
manganese chloride (3.5 ng/kg) for 
15 days showing decreased act iv i ty 
in the tubular epithelium and increased 
act iv i ty in the interstlt ium. x 225. 
a 
5 *** 
. » » 
b 
seminiferous tubules and the interstitial tissue in the 
form of dark brown to black granules. In experimental 
animals, the intensity of the activity was same as seen 
in controls upto 15 days. This was, however, found to 
increased at 30 days (Fig. 16), 
Alkaline Phosphatase; 
The activity of alkaline phosphatase was mainly 
localized in the interstitial tissue of testis. The 
tubular epithelium was almost devoid of any activity, 
The experimental animals showed same activity as found 
iu controls throughout the experiment, 
Histomorpriblogical Observations; 
Rabbits given i/T vinO^ ; 
The testes obtained from rabbits administered 
manganese dioxide (400 mg/kg) intratracheally, showed 
marked degenerative changes in the epithelium of some 
of the seminiferous tubules after 60 days. The nuclei 
of the cells of spermatogenic epithelium were pyknotic 
and the cell cytoplasm was more eosinophilic. The 
Sertoli cells were unaffected. Some of the tubules in 
between degenerated tubules appeared normal. The 
interstitial tissue did not show any alteration. 
At 120 days, degenerative changes in affected 
tubules were more marked. The spermatids and spermato-
cytes showed necrosis and sloughing of spermatocytes 
Fig, 16: (a & b) Acid phosphatase activity in 
the testis of a control rabbit 
showing normal activity, x 900, 
(c & d) Acid phosphatase activity in 
the testis of a rabbit adminis-
tered manganese chloride (3,5 mg/kg) 
for 30 days, showing increased 
activity, x 900. 
a b 
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and spermatogonia into the tubular lumen. The 
degenerated tubules were devoid of spermatocytes and 
were lying among the tubules, showing no damage except 
arrested spermatogenesis. The Sertoli cells in 
degenerated tubules did not show any change. The 
interstitial tissue showed oedema while leydig cells 
were unaffected (Fig, 17). 
At 180 days, besides wide spread desquamation of 
seminiferous epithelium and giant cell formation, the 
thickening of basement membrane was also observed. The 
interstitial tissue showed oedema and fibrocytic 
reaction. Some of the degenerated tubules had been 
calcified as shown after Von Kossa's staining, 
At 240 days, the changes were severe. There 
was wide spread desquamation and cytolysis of cells 
of spermatogonia epithelium, At places only single 
layer of Sertoli cells and occasional spermatogonia 
were lining t'.ie tubules. The tubular pattern was 
disorganized due to collapsing of tubular wall. The 
basement membrane of tubules was thick. The inter-
stitial tissue showed fibrosis with a large number of 
fibrocytes and leydig*s cells present. The patchy 
areas of calcification ware found in some degenerated 
tubules, 
Uabbits given l/v MnCl2,4»20: 
The testes obtained from the control rabbits did 
not show any abnormality in their structure throughout 
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Fig. 17: (a) Testis of a control rabbit 
showing normal histological 
features. H & E x22f 
(b) Testis of a rabbit at 120 days 
after manganese dioxide adminis-
tration showing degenerated 
seminiferous epithelium and 
oedema of the interstitial tissue. 
H & E x 225. 
Fig. 18: (a) Testis of a rabbit treated with 
manganese chloride (3.5 mg/kg) 
for 30 days showing damage to 
the seminiferous epithelium and 
fibrocytlc reaction with increase 
in interstitial tissue. H & E x 225. 
(b) Testis of a rabbit treated with 
manganese chloride (3.5 mg/kg) for 
30 days showing damage to the 
seminiferous epithelium and giant 
cells formation. H & E x 300. 

I l l 
the course of experiment. In rabbits injected with 
manganese chloride (3,5 mg/kg), no change in the 
histological structure of testis was observed upto 10 
days, Upto this period, testis showed similar structure 
as found in control animals. The germ cells were orderly 
arranged in tubules, showing normal spermatogenesis with 
sparsely cellular interstitium, 
At 15 days, degenerative changes were found in 
the epithelium of few tubules in the form of marked 
eosinophilic cytoplasm and arrest of spermatogenesis, 
The rest of the tubules showed normal structure and stages 
of spermatogenesis. In affected tubules, the cells lining 
the lumina, i.e. sperma and spermatids were more affected 
while the deeper layers of spermatocytes and spermatogonia 
were unaffected. The interstitial tissue did not reveal 
any abnormality, 
At 30 days, after manganese chloride administra-
tion, the degenerative changes in the tubules were at 
maximum. The cellular components of the epithelium, i.e. 
sperms, spermatids and spermatocytes were totally absent, 
except the single layer of Sertoli cells and occasional 
spermatogonia. The degenerated tubules were often 
found collapsed to form irregular convolution. The 
lumina of these tubules were filled with tne degenerated 
and desquamated epithelium and eosinophilic material. The 
interstitial tissue showed slight fibrocytic reaction 
with increase in interstitial tissue. A few fibrocytes 
were seen lying in the interstitial tissue (Fig, 18), 
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Rats given l/P MnCl 2.4H 20: 
In control rats, testis showed normal 
histological structure throughout the course of 
experiment. In experimental animals degeneration of 
few tubules was found at 90 days without any chage in 
the interstitial tissue in a few rats. At 120 days, 
testicular tissue revealed oedema and vascular engorge-
ment of the interstitial tissue and degenerated 
spermatids and spermatocytes with arrested spermato-
genesis. 
At 130 days degeneration of spermatids and 
spermatocytes was more marked in some of the tubules. 
The degenerated spermatids, spermatocytes and the giant 
cells formed by the fusion of spermatids were found 
entangled into the cytoplasm of Sertoli cells. The 
lumina contained eosinophilic material with entangled 
spermatids. The damaged tubules also showed calcification 
which in some rats occured almost in each tubule giving 
the testis a chalk white appearance. The calcium 
deposits were not found in the interstitium. The 
Leydig and other cells of interstitial tissue were 
unaffected except that marked fibrocytic reaction was 
present, (F'i "-,. ' :>'> . 
Testis of a control rat showing 
normal histological structure. 
'] f. V. x 225. 
Testis of a ra t t reated with 
manganese chloride (3 rag/kg,) 
for 130 flays, shoeing damage 
to the seminiferous epithelium 
and f ib rocyt ic react ion in the 
i n t e r s t i t i u m . H & E x 800. 
Testis of a r a t t reated with 
manganese chloride (9 rag/kg) 
for 180 days showing ca l c i f i c a t i on 
of damagetd seminiferous tubules . 




In tlie present stud res, manganese induced 
histomorphological and enzyme histochemical che iges 
in the testis were investigated. 
The histoenzymic changes observed, were loss of 
the activities of SDH, NAOfm and G-6-P from the tubular 
epithelium, whereas the enzyme G-6-Pi and "-/3'MH') in the 
interstitial tissue and acid phosphatase in the tubular 
epithelium were found to be increased. The activity of 
alkaline phosphatase remained unchanged throughout the 
period of study. The histoenzymic changes occured earlier 
than the histomorphological changes (Table V). 
The activity of 3!>I1 in testis of various mammals 
has been described by several investigators (Kachlas et al., 
1957; illackshaw and samisoni, 1967 a A b; Turpeinen et al.t 
1962; Ito, 1966; Sarcfsoni, 1966; alker and Seligroan, 
1961). In rat testis, Nachlas et al. (1957) found SI'H 
distribution throughout the seminiferous epithelium. 
Slackshaw and Samisoni (1967b) found equal distribution 
of activity between the spermatogonia, spermatocytes and 
interstitial tissue of rat testis. Activity of SUM in 
spermatozoa has been confirmed by talker and Seligman 
(1961) and Ito (1966), 
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Table 1 
Changes in enzymatic s ta ining react ions and 
t e s t i c u l a r s t ruc tu re following i /v manganese 
adminis t rat ion (S'nCl,,.4U.,0) . 
•ays nzymatic reaction Histological structure 
Inhibition of SlHJUtubular 
epithelium. 
\o histological change. 
>o change in <;-6-s' •, >;\fP?|; 
:j-/j-.;i!?S: , \cid Pase and 
AIK. Pase. 
10 Siarked loss of SI fl in 
tubular epithelium. 
No histological change. 
No change in c;-6-i* , 
N,\i >!»>, 3-y.3-«>Jl^ : , Ycid 
pase and M k . Pase. 
13 Loss of S'.MI in lars^e 
nuiaber of tubules. 
regenerative changes in 
some tubules. No chatge 
in the Interstitial 
tissue. 
i.oss of u-ti-P > and \.\mn'1 
from tubular epithelium. 
Increase in fi—6—-v in the 
interstitial tissue. \o 
change in the activity of 
3-/i->'!>! , Acid Pase and 
U K . Pase. 
30 Complete loss of S'> \ 
almost in all tubules. 
Loss of 'i-tj-P and wim!' 
marked in epithelium. 
Increase in u-G-i» and 
3-y3-0'Fss> in the inter-
stitial tissue and Acid 
!,ase in tubular epithelium. 
M k . Pase unchanged. 
regeneration of tubules 
wide spread. Slight 
fibrocytic reaction and 
increase in interstitial 
tissue. 
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fhe normal d i s t r i b u t i o n of SiMi a c t i v i t y in t h i s 
i n v e s t i g a t i o n corresponds with t h a t describe*! by the 
above i n v e s t i g a t o r s . The decrease in SiMi a c t i v i t y in the 
semini fe rous ep i t he l i um of t e s t i s of exper imental 
r a b b i t s sugges t s the d i r e c t i n h i b i t o r y e f f e c t of t h i s 
metal on t h i s enzyme. i'he l o s s of 6i>'i a c t i v i t y in t e s t i s 
and o t h e r t i s s u e s under the in f luence of o ther t o x i c 
f a c t o r s l i k e l o c a l h e a t i n g , i o n i z i n g i r r a d i a t i o n and 
metal poisoning with cadmium, mercury, lead and manganese 
has been r epo r t ed ( Furpeinen e t a l . , I 3 i 2 ; i t o , li» »6; 
ttarron and K a l n i t s k y , 1917; Chandra e t a i . , 1973; 
?eth e t a l . , 1973; iuaa and Chandra, 1971). 
ihe a c t i v i t y of <i-6-i»i> in t e s t i s has been 
r epor t ed by seve ra l workers but the f i nd ings do not seera 
to be cons i s tan t for the a c t i v i t y of t h i s enzyme. 
\ccording to some i n v e s t i g a t o r s , i t i s an i n t e r s t i t i a l 
enzyme whi le o the r s have repor ted i t s occurence aiainly 
in t u b u l a r ep i t he l i um. 
ihe a c t i v i t y of fj-f-i-" i s r epor ted to be more 
in the tubu la r ep i the l ium of r a t (Kormano e t a l . , 1 •'»*>•!}. 
Tfiis view about the G-o-P!; a c t i v i t y in the t u b u l a r 
ep i the l ium i s not supported by Memi and ikonen (i JGZ) 
l t o (I9f»6) , and Slackshaw and > i k ing ton \ 1 '.>7o ) . oife 
and Cohen (l'M'ii) have supported i t s occurence and 
a s s o c i a t i o n with l e y d i g ' s c e l l func t ion . 
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It is generally accepted that the U-6-Pi' activity 
mainly occurs in the interstitial tissue. in the present 
studies ths control rabbits showed consistant and almost 
similar reaction of this enzyme in tubular epithelium 
and interstitial tissue. The activity observed is in 
agreement to the findings of Kormano et al. (1964) >n 
rat testis. The loss of c-fi-iv; in the tubular epithelium 
and its increase in the interstitiura is physiologically 
significant. In the interstitial tissue alteration of 
tt-G-r* activity has been reported by several workers 
(Goldman et al., 1963; Ito, 1906; Schoen, 1964). 
The activity of 3-/3-0!]5i» in various mammals 
including rabbits has been described by Maier (19G5) 
and tutenberg (19£>3) in the interstitial tissue, in 
the present report moderate activity of this enzyme 
was seen in the interstitial tissue which is in agreement 
with the findings of Maier (1965) Hutenberg (19fi"B). 
The enzyme .\\!>H' has been reported in the testis 
by Vaier (1965) to be localised in the interstitial tissue. 
Similar observations were made in the present studies 
with testis of control rabbits with the exception that 
activity was also seen in tubular epithelium. The 
decreased activity of MAS Mi i in the seminiferous 
epithelium of the testis of manganese treated rabbits has 
also been similarly reported in rat injected, cadmium 
chloride (Diraow and Knorre, 1967). 
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The localization of a*,»i<! phosphatase activity in 
the testis of rat ie. fouai to be in the interstitial 
tissue as well as tubular epithelium (Rutenburg and 
Saiigman, 1955). Similar activity was seen in the 
testis of control rabbits in the present investigation. 
In experimental rabbits the activity of acid 
phosphatase in testis showed sane response as that found 
under manganese intoxication in other tissues (Chandra 
and IUMB, 1973; Imam and Chandra, 1974) and in testis 
after irradiation of mouse (tlugon and Borgers, 1966). 
The later worker** observed rapid changes in the mouse 
testis after whole body irradiation. The appearance of 
lysosomes in the Sertoli cells was followed with 
phagocytosis of disoluted spermatogonia thus giving a 
strong acid phosphatase reaction in Sertoli cells. The 
alkaline phosphatase activity was mainly localized in 
the interstitial tissue and was not affected by 
manganese chloride treatment. 
The histomorphologtcal changes in testis obtained 
from rats and rabbits after administration of manganese 
salts through different routes showed basically similar 
changes. The earliest changes found were degeneration 
of spermatids and spermatocytes and arrest of spermato-
genesis. In later stages extensive degeneration of 
tubular epithelium, desquamation of degenerated epK'ielium, 
distortion of tubular pattern, giant cell formation and 
calcification of degenerated tubules were seen. 
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From the histoenzymic alterations and histomor-
phological changes in testis of rabbits, given intravenous 
manganese cnloride injections, it is evident that the 
enzymatic changes in testis occur much more earlier than 
the histomorphologicai alterations. The earliest changes 
in Sim activity and later involvement of other enzymes in the 
tubular epithelium suggests that manganese primarily and 
selectively alters the biochemical functions of the 
seminiferous epitnelium which undergoes degeneration and 
looses gamete producing capacity. 
The general enzymology of testis is not completely 
understood (ii&ackshaw, i»70). The biochemical changes in 
testis in manganese toxicity reported by Chandra et al. 
(1073At and Seth et al. (1973) in a sta^e when the 
histolo?»ical changes had already progressed, much 
significance can not be attached to these findings. The 
only way to correlate biochemical alterations in testis 
to manganese toxicity is to search for such changes in an 
early staare s'nen there are no histomorphologicai alterations 
or necrosis. Besides this,biochemical studies in whole 
tissue homoi>;enate of hetrogenous tissues like testis may 
not be helpful to find out the initial site of biochemical 
alteration, because the whole tissue homogenate will give 
the overall activity present in it. Jhe enzyme histo-
chemistry on the other hand demonstrates the tissue 
distribution of enzymes and their reaction to various 
physiological and pathological conditions. These 
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techniques are specially useful in testis which in an 
adult male consists of tubules^with the gaaete producing 
germinal epithelium having its own array of cells which 
have different biochemical requirements and different 
susceptibilities to injury by metals and othernoxious 
agents?and the Interstitial tissue having hormone producing 
leydig cells (Gun and Gould, 1970). 
The physiological significance of '^ff in tissue 
cells is that it is involved in energy production in the 
otitociiondria. It is well known that manganese mainly 
accumulates in mitochondria (Cotzias, 1939). Therefore, 
it is juite reasonable to assume that excessive manganese 
accumulated tn mitochondria may have inhibitory effect on 
this important enzyme. The decrease in SOU in epithelium 
at 5th da> after manganese administration, when no 
change in the morphology was seen under light microscope, 
gives the indication of early biochemical chafes in the 
epithelium preceding histomorphological alterations. 
It is expected that loss in SIM? activity will result in 
slow metabolism of the cell. 
fne decrease in the other mitochondrial enzyme 
i.e. SvA'Mit^ which is concerned with the deuydrogenation 
of reduced NAD in the electron transport chain^at 15 
days seems to be the result of slow metabolism of the 
cell undergoing degeneration as the result of reduction 
in SP'i activity. Similarly the decrease in enzyme 
G-G-Pi't in the epithelium at 15 days may also be the 
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consequence of slow metabolism and degenerative changes, 
The enzymes, G-6-P and 3-/3-0'IS?) are important 
in steroid biosynthesis. The enzyme G-G-Pl in the 
testis acts as potential generator of \\npr; which is 
required by \.\;V>!J dependent microsomal hydroxylases 
(Johnson et ai., 1J70). The enzyme 3-/3-OHS5* is involved 
in a large number of biochemical reactions leading to 
the synthesis of steroids (Fig. 20 ), me increased 
activity of these two enzymes in the interstitium at 
30 days after manganese administration may be considered 
either physiologically significant or merely a consequence 
of the shrinkage of tubular components of the testis 
resulting fro?n an apparent increase of interstitial tissue. 
Hyperplasia of cells of leydig and persistant increase 
of ij-O-^ 'i has i}so been reported after administration of 
a synthetic androgen derivative in rat (Goldman et al.t 
1965). These workers have suggested that the increased 
0-6-**') was due to increased gonadotrophic hormone 
secretion in response to the blockage in steroid synthesis 
by the derivative. Ito ( 19'»6) found similar changes in 
irradiated mice after 30 days. The changes found were 
proliferation of leydig cells and high activity of 
u-6-'\;. 'Uackshaw (1970) has suggested that these 
changes will reduce steroid secretion. 
The physiological significance of the increased 
activity of £-<>->>•< and 3-/3JHS in the interstitial tissue 
of the testis of manganese chloride treated rabbits, 
1 J f 
Fig . 20: diagram i l l u s t r a t i n g the function of 
3- /3-hydroxysteroid dehydrogenase in 
a large number of biochemical r e a c t i o n s . 
react ions 1-4 are due to 3- /3-hydroxy-
s t ero id dehydrogenase, Heactions 5-8 
are due to 17 /3-hydroxysteroid 
dehydrogenase. / Reactions 9 and 10 are 
due to 3-o(-hydroxysteroid dehydrogenase. 
Reactions 1-12 occur in Leydig c e l l s , 
Asterisks show s t e r o i d s known to be 
produced in the t e s t i s (Redrawn from 
Johnson e t a l . , 1970; The T e s t i s , 
Volume I I , page 9 6 ) . 
Cholesterol 
Fig 20 
„ , 17 a-Hydroxy-
Pregnenolone *-
 p r e g n / n o l o n e -
Progesterone 17a-Hydroxy-progesterone 








: ^ Androstenediol* 
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11/3-Hydroxyandrosterone* or 11/3-hydroxyaetiocholanolone* 
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however, remains uncertain and needs further investigation. 
The increase in acid phosphatase reaction in a 
stage when the degenerative changes in testis are present 
i.e. 30 days after manganese chloride administration, the 
acid phosphatase function can be linked to the 
degenerative processes of the seminiferous epithelium. 
The Sertoli cells in the seminiferous epithelium are 
known to pha^ocytose tie cytoplasmic material shed by the 
spermatids and the degenerating spermatogonia after 
irradiation I Smith and Lacy, l'J59; Niemi and Kormano, 
1963; Hugon and Horgers, 1966). The increased acid 
phosphatase reaction in seminiferous epithelium, of 
manganese chloride injected rabbits testis, which 
histologically 'lid not reveal any cells under light 
microscope except the Sertoli cells, the reaction so 
observed can be linked to the nutritive cells which 
may have developed large number of lysosomes to dissolve 
and digest the phagocytosed material. The increased 
activity may also be due to increased pinocytosis as 
reported by Zonek et al. (1965) in the renal tissue 
after the administration of manganese salt in rabbits. 
No change in the activity of alkaline phosphatase in the 
testis indicates that vascular supply is not affected 
in this tissue after tnanganese chloride administration, 
From the above discussion it can be concluded 
that manganese primarily inhibits SDH in the seminiferous 
epithelial cells with the result that the energy 
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production by mitochondria is impaired and the cell 
metabolism slows down. This inturn affects other 
enzymes in the cells and leads to cell degeneration. 
The degenerated tubules undergo dystrophic calcification 
which is associated with tubular degeneration as reported 
with other metals (Sharma, 1972). The enzymes, ';-w> 
and 3-y3-0ilSi> in the interstitial tissue of testis <ts 
found increased in later stages of manganese toxicity, 
may be physiologically significant, but further studies are 
needed to indicate the functional significance of such a 
change. This increase might be merely the result of an 
apparent increase in interstitial tissue due to shrinkage 
of the seminiferous tubules. it may be concluded that 
in early stages of manganese toxicity only the sperm 
producing function a£ testicular tissue is affected 
without interfering with steroidogenesis. 
PART III 
STUDIES ON SERUM, BONE AND PARATHYROID GLAND 
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SUMMAHV 
Experimental manganese encephalopathy with hind 
limb paralysis has been produced in rabbits after^period 
of 18 to 24 months of intratrache ! inoculation^MnO^ 
(Chandra, 1971). In an effort to rind out a possible 
diagnostic method in early manganese toxicity, rabbit? 
inoculated with physiological saline (Group 1) or 
manganese dioxide (Group XI) intratracheally were 
studied for serum calcium, inorganic phosphates and 
alkaline phosphatase at 60 days onwards upto 240 days, 
it was found that the serum alkaline phosphatase 
and inorganic phosphates significantly decreased after 
60 days and 120 days respectively as compared to control 
animals. However, the serum calcium increased 
significantly at 180 days onwards. These biochemical 
changes occured at a much earlier stage than the 
development of symptoms of manganese encephalopathy 
which, therefore, assume significance in the early 
detection of clinical cases of manganese poisoning. 
In order to explain the possible underlying 
mechanism for these biochemical alterations, studies on 
long bones, parathyroids and kidneys were conducted 
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simultaneously as these are involved in the metabolism 
of calcium and phosphorus* Long bones and parathyroids 
of the experimental animals did not reveal any abnormality. 
No sign of rarefaction was seen in the bones even at 
240 days. However, the possibility of calcium mobilizing 
ability of manganese from the bones can not be ruled out, 
as bones may not show morphological alterations in such 
an early stage. It is also presumed that the excess of 
manganese excreted in the gastrointestinal tract may alter 
the pfl oi the gastrointestinal tract and favour the 
absorption of calcium leading to hypercalcemia and 
interfere with phosphates absorption leading to 
hypophosphatemia. It is also suggested that the kidney 
damage a& result of excess accumulation of manganese 
in the body may also cause increased phosphate diuresis 
leading to hypophosphatemia, 
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1NTH0DUCTI0N 
The parathyroids, bones and kidneys have close 
functional relationship because of their involvement in 
maintaining the serum calcium and phosphorus ratio and 
the metabolism of these minerals. The parathyroids in 
rabbits are external?found on the dorsal face of thyroid. 
In rats they are embedded within the thyroids and are 
surrounded on three sides by the thyroid tissue. 
The parathyroid is surrounded by a connective 
tissue capsule from which fibrous septa go deep into the 
tissue of the gland dividing it. into lobules. These 
lobules consist of packed masses and cords of epithelial 
cells between which are interspersed numerous small 
blood vessels. 
This endocrine gland secretes a hormone known 
as parathormone or parathyroid hormone (PT!) which is 
primarily involved in the metabolism of calcium and 
phosphorus^which are the main mineral constituents of 
the skeleton. 
Bone structure and Metabolism 
The bone can be regarded as a mass of protein 
which is impregnated with mineral salts (Turner, 1966). 
The protein part consists of a matrix which is made up 
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of layers (Lamellae) of calcified interstitial substance, 
Embedded within the interstitial substance are lacunae 
(cavities) which are filled with osteocytes. The lacunae 
have fine apertures from which arise fine canals, the 
bone caniliculi. The surfaces of bone are lined with 
osteoblast cells wKijtKare associated with the formation 
of osseous tissue. Similar cells but associated with 
reabsorption of bone are known as osteoclasts, fhe three 
bone cells the osteocytes, osteoblasts and osteoclasts 
are closely related and interchangeable. The mineral 
part (65 ) consists chiefly of calcium and phosphates. 
Besides, small quantities of mangnesium, potassium, 
sodium, fluoride and strontium are also present. The 
basic structure of the bone mineral is that of hydroxy-
apatite Ca1Q ( poJ 6(0H) 2 (Sloom and Fawcet, 1966) and 
like minerals of the apatite series, its calcium 
phosphate ratio is highly variable (Kic Lean and Urist, 
1955). Ionic exchanges can occur on the bone crystals. 
The ions in the body fluids may displace calcium and 
phosphate ions from the bone crystals. The radioactive 
calcium,strontium or sodium ions in the body fluids are 
known to displace bone calcium (Turner, 1966). Similarly 
phosphate ions may be replaced by carbonate or citrate ions 
present in the body fluids. 
The body fluids, that bath the bone trabeculae and 
mineral part of the bone, exchange calcium and phosphate ions 
from the bone. The skeleton remains in a state of dynamic 
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equillibrium. In some areas it is formed and simultaneously 
resorbed from other areas (Turner, 1966). The mineral salts 
of bone are metabolically active and are subject to 
certain degree of remodeling under every day stress (Mc Lean 
and Urist, 1955). In the areas of new bone formation, the 
osteoblasts are abundant and are considered to lay down 
matrix and produce the enzyme, alkaline phosphatase* The 
mineral crystals are deposited after the matrix formation* 
In the region of mineral deposition local increase in 
phosphate ions takes place with the result that calcium 
phosphate is deposited* The enzyme alkaline phosphatase 
is present in the region of active mineralization, 
possibly having its role in the process since osteoblasts 
are known to contain higher amount of alkaline phosphatase. 
Most of the alkaline phosphatase in the blood plasma 
comes from the skeleton and therefore, its level in blood 
is a clinical sign of osteoblastic activity. The role 
of alkaline phosphatase and phosphorylase in bone 
deposition has been shown in Fig. 21* 
Calcium Metabolism - The most of body calcium is found in 
skeleton* The rest is present in the soft tissue and 
extracellulat fluid. Although the concentration of 
calcium in the body fluids is low, it performs vital role 
in neuromuscular excitability, membrane permeability, 
enzyme activity, blood clotting and acid-base balance. 
In normal organism the amount of blood calcium is 
carefully regulated* The use of radiocalcium (Ca ) has 
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Fig, 21: Some factors tbought to be involved in 
bone deposition (Adapted from Turner, 
1966; General Endocrinology, Fourth 
Edition, Page 251). 
ig 21 
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shown the pathway of this element from the blood into the 
tissues. The total turnover of bone calcium is very low. 
The absorption of calcium is largely through the 
upper part of the intestine and it is greatly influenced 
by the factors that hasten the passage of intestinal 
contents, and by vitamin D which promotes calcium 
absorption (Turner, 1966), The high contents of calcium 
in the diet will need more vitamin D. The alkalinity and 
excess fat in the intestine interferes with calcium 
absorption. 
Serum calcium depends upon many factors such as 
intestinal absorption, bone resorption, excretion through 
urine and feces and bone deposition. Under normal 
conditions serum calcium level, however, remains constant, 
Phosphorus Metabolism: The phosphorus found in the serum 
is diffusible. It is also found in the red blood cells 
and as phosphate radical in every cell to perform an 
important role in energy transformation mechanism of the 
cell. It is absorbed in the inorganic form from small 
intestine in the acidic medium. In alkaline medium it forms 
precipitate with metals as insoluble phosphate(cantarow 
and Trumper, 1965). Its absorption is improved with low 
calcium contents in the diet. The phosphate that reaches 
the circulation is either stored in the bone or forms 
compounds such as nucleic acid, phospholipids, nucleo-
protein and phosphoprotein, Excretion of phosphate is 
mainly through kidneys and partly in feces. The kidneys 
are important organs in controlling phosphate balance, 
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The tissue fluids are normally saturated with 
calcium and phosphate ions. Increase in any of these 
ions concentration tends to precipitate insoluble calcium 
phosphate. The serum calcium and phosphate level per 
100 milliliter of blood (Ca++) x (HPo4~) is called the 
solubility product, 
Physiology of the parathyroid gland 
The parathyroid hormone (PTH) principally acts 
upon two end organs, bone and kidneys (Turner, 1966). 
Its action on tne bone results in breakdown of the 
crystals of bone minerals, thus releasing both calcium 
and phosphate into the circulation. The hormone 
simultaneously stimulates kidneys to excrete phosphate 
which otherwise will lead to plasma saturation with Ca++ 
and HPo ", with the result that calcium phosphate may 
be deposited in soft tissues. PTH also stimulates 
calcium absorption through intestine. 
Hyperparathyroidism, produced spontaneously or 
experimentally by giving f>TH leads to hypercalcemia, 
hypophosphatemia, increased urinary excretion of calcium 
and phosphates, occasional metastatic deposition of 
calcium in organs and tissues, hypersensitivity of 
neuromuscular system and deminerallzation of the bone. 
Tiie hypercalcemia results mainly from the mobilization 
of bone calcium and to some extent from increased 
intestinal absorption and renal reabsorption. The serum 
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alkaline phosphatase is increased indicating hlghtened 
osteoblastic activity. 
However, exact mechanism of action of parathyroid 
hormone (PT'l) is not known but there is general agreement 
that it maintains serum calcium and phosphate by removing 
Ca++ and HPo " from the bone and simultaneously raising 
the renal threshold for calcium and lowering the threshold 
for phosphate. It appears that PTH primarily acts on 
some phase of bone metabolism but also affects kidneys 
and intestines (Egawa and Neuman, 1964; Foulks and Perry 
1959; Pullman et al.f 1960). 
Serum calcium;phosphate ratio in manganese toxicity 
In a preliminary study on rabbits administered with 
manganese dioxide the serum calcium was found to be 
increased. This prompted us to find out the significance 
of serum calcium, inorganic phosphates and alkaline 
phosphatase in rabbits at different intervals after 
manganese dioxide administration. The histomorphological 
studies on bone,kidneys and parathyroids were conducted 
simultaneously. 
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MATERIALS AND METHODS 
Eighteen male rabbits from group I0 given 
intratracheal physiological saline and 30 animals from 
group II, given intratracheal manganese dioxide were 
selected. A batch of 3 animals from group I and 6 
from group II were sacrificed at the interval of 60, 
120| 180 and 240 days. The blood, for doing biochemical 
estimations, was collected from cardiac puncture and 
serum was separated. Parathyroid glands and long bones 
i.e. femur and tibia were dissected out. Parathyroids 
were weighed and fixed in buffered formalin for routine 
histology. Long bones were cleaned and cut into small 
pieces (10 mm) with a saw. 
Thin pieces (10 mm) from the bone shaft (diaphysis) 
as well as epiphysis were processed for decalcification 
and for routine histology by the method of Pearse (1968). 
The studies on kidneys after intratracheal Mn0„ 
administration have been described in the Chapter III 
Part I. 
Estimation of serum calcium, inorganic 
phosphates and alkaline phosphatase were carried out 
by the method of Clark and Collip (1925), Fiske and 
Subbarow (1925) and King and Armstrong (1934) respectively. 
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Determination of serum calcium (Clark and Collip, 1925) 
The principle involved is that calcium is 
precipitated directly from the serum as oxalate and the 
latter is titrated with potassium permanganate (Oser, 1965). 
Sendroy (1944) has shown that direct precipitation as 
oxalate from diluted serum gives accurate results, and 
that preliminary removal of protein is not necessary. 
The procedure employed the use of graduated 15 ml 
centrifuge tubes in which were placed 2 ml of clear serum, 
2 ml of distilled water and 1 ml of 4% ammonium oxalate 
solution. Mixed thoroughly, the solution was allowed to 
stand for overnight. Again mixed the contents and 
centrifuge^ for about 5 minutes at 1500 r.p.m. Supernatant 
poured off, the tubes were allowed to rest on filter 
papers by mouth. Stirred up the precipitate and washed 
th9 sides of the tubes with 3 ml of dilute ammonia (2 ml 
of concentrated ammonia to 98 ml of water). Centrifuged 
again and the supernatant poured off. It was then added 
2 ml of approximately normal sulfuric acid (28 ml of 
cone, acid to a litre). Placed the tubes in a boiling 
water bath for about 1 minute. This solution was titrated w 
with 0.01 normal potassium permanganate to a definite 
pink colour which persisted for at least 1 minute. During 
the course of the titration tubes were rarmed in a water 
bath kept at 70° to 75°. 
Calculation: One ml of 0.01 NK.VSnO. is equivalent 
to 0,2 mg of calcium. 
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(X - b) X 0.2 x -K- = mg calcium per 100 ml serum 
X = number of ml of permanganate required in the 
titration 
b = (Blank) the number of ml of permanganate 
required to titrate 2 ml of the sulfuric acid 
solution to the end point, 
Determination of serum inorganic phosphates (Fiske and 
Subbarow, 1925) 
The principle involved is that the proteins of 
blood are precipitated with trichlor o-acetic acid and 
the protein free filtrate is treated with an acid 
molybdate solution, which forms phosphomolybdic acid from 
any phosphate present* The phosphomolybdic acid is 
reduced by the addition of 1,2,4-aminonaphthosulfonic 
acid reagent to produce a blue colour whose intensity 
is proportional to the amount of phosphate present, 
The procedure employed the use of a small flask 
in which was placed 8 ml of 10^ trichloroacetic acid. 
To this was added 2 ml of serum. After the flask was 
thoroughly shaked, the solution was filtered. To 5 ml 
of filtrate (Transferred to a 10 ml cylinder) was added 
1 ml of molybdate. After shaking, added 0,4 ml 
aminonaphtholsulfonic acid reagent. Mixed thoroughly 
solution was diluted to the mark and allowed to stand 
for 5 minutes. Readings were taken in the Klett Summerson 
photoelectric colorimeter at 660 m/u, 
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The photocolorimeter was set to zero density with 
a blank prepared by treating 5 ml of 10$ trichloroacetic 
acid with 1 ml of molybdate solution and 0.4 ml of 
aminonaphtholsulfonic acid reagent followed by water to 
a volume of 10 ml, 
The density of standard phosphate solution was 
established as follows: 
Transfered 5 ml of the stock phosphate standard 
containing 0*4 mg of P, to a 50 ml volumetric flask, 
made up to volume with 10% trichloroacetic acid and 
mixed, Transfered 5 ml of this dilute standard, containing 
0,04 mg of P to a suitable container, added 1 ml of 
molybdate solution and 0,4 ml of aminonaphthosulfonic acid 
reagent, diluted to 10 ml with water and mixed thoroughly, 
Allowed to stand for 5 minutes and determined the density in 
the photocolorimeter whose zero was set with a blank as 
described above, 
Density of unknown „,
 n n. „ 1fxn „,_ 4-,--._0_.i„ 
D.nsitj; of .t.„aara * •».<>« * « » - f j ^ ^ 
100 ml serum. 
Determination ot serum alkaline phosphatase (King and 
Armstrong, 1934) 
The principle involved is that the phenol released 
by enzymatic hydrolysis from phenyl phosphate under 




Buffer (pH 10,0):6,3 grams of anhydrous Na2C03 
and 3.36 grams of NaHCO, per litre in water kept at 4° . 
Substrate:0.01 M-dlsodium phenyl phosphate 
(dissolved 2.18 grams in 1 litre of water. Solution was 
quickly heated to boiling to kill any organisms. Cooled 
Immediately, solution was preserved with a little 
chloroform (4 ml/l) and (kept at 4°). 
Stock phenol standard (1 rag/ml): 1 gram pure 
crystalline phenol per litre in 0,1 N.HCl and kept at 
4° in a brown bottle, 
Working phenol standard (1 mg/100 ml): diluted 1 ml 
of stock phenol standard to 100 ml with distilled water, 
Preserved with a few irops of chloroform and kept at 4° 
in a brown bottle. 
0.5 N.Naofl:20 grams of NaoH per litre in water. 
0.5 N-Sodium bicarbonate: 42 grams of NaHCog per 
litre in water. 
4-Aminoantipyrine: 6 grams of 4-arainoantipyrine 
per litre in water (stored in a brown bottle) 
Potassium ferricyanide: 24 grams of potassium 
ferricyanide per litre in water (stored in a 
brown bottle). 
The procedure employed was as following: 
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Test: Mixed 1 ml of buffer with 1 ml of phenyl 
phosphate substrate in a t e s t tube and placed in a 
water bath at 37° for 3 minutes* Added 0.1 ml of serum, 
mixed gent ly and incubated for exac t ly 15 minutes. The 
react ion was stopped by the addit ion of 0.8 ml of 0 .5 
N Naofl. 
Control: Mixed 1 ml of buffer, 1 ml of substrate 
and O.S ml of 0 .5 N NaolT, followed by 0.1 ml of serum. 
Standard: Mixed i . l ml of buffer with i ml of 
phenol standard (1 mg per 100 ml) and 0 .3 ml of 0 .5 
N NaoH. 
Blank: Mixed l . i ml buffer , 1 ml of water and 
0.8 ml of 0 .5 N NaoH, 
To a l l tubes was added 1.2 ml of 0,5 N NallCOg 
followed by 1 ml aminoantipyrine s o l u t i o n and 1 ml 
potassium ferricyanide s o l u t i o n , mixing each tube well 
a f t er each addi t ion . The success ive addit ions adjusted 
the pll and developed the colour. 
Readings were taken on Klett Summerson colorimeter 
at 540 uyu. The amount of phenol present in standard 
tube was 10 /ug. Thus^the phenol produced in 15 minutes 
in the t e s t was: 
T — C 
g .
 fl
 x 1 0 /u« 
Ilence^lOO ml of serum would l i b e r a t e : 
•x 10 mg of phenol 
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Since 1 King-Armstrong Unit i s the production of 1 ng of 
phenol in 15 minutes under the conditions of the t e s t ; 
T — C Serum alkaline phosphatase = ^ r x 10 
(K.A. units per iOO ml) 
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RESULTS 
(1) Blood Chemistry - Table VIrepresents the values of 
serum calciflra, inorganic phosphates and alkaline 
phosphatase in the control and experimental animals, 
The serum calcium level in control animals was reasonably 
constant. In 18 control animals, the mean serum calcium 
concentration and standard deviation was 7,43 _* 0*495 mg/ 
100 ml. In rabbits given manganese dioxide the level of 
serum calcium remained within normal limits upto 120 days. 
At 180 days the mean value of the serum calcium 
(9.33 _+ 0.244) was sufficiently greater than that in the 
controls (P/.001). Increase in the level (10.2 +_ 0.368) 
was also present at 240 days. 
The Inorganic phosphates concentration in the serum 
of control rabbits, was 4.83 +_ 0.309 mg/100 ml whereas in 
manganese treated rabbits there was significant decline 
(3.84 _+ 0.134) at 120 days with gradual lowering in the 
level at 180 and 240 days. 
The mean activity of alkaline phosphatase with 
standard deviation in control animals was 6.56 +_ 1.18 K.A. 
units. The enzyme showed significant decrease in its 
level as early as at 60 days in manganese treated animals. 
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(a) Bones: Histology of bone in all the groups was 
absolutely normal as described by Ham (1969) and nioora and 
Fawcet (1966). There was no sign of rarefaction as 
expected from the present alterations in serum calcium 
and phosphates. 
(b) Parathyroid: The mean weight of one parathyroid 
in both the group was 0.3 mg. There was no evidence of 
hyperplasia of parathyroid glands (Fig, r? -. The cellular 
structures of parathyroids was normal as described by flam (196 
and Bloom and Fawcet (1966). 
(c) Kidneys: Kistomorphological changes after rr 
Mn02 in rabbits are described earlier in Chapter III : 
Part I. 
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Fig, 22: Section of the parathyroid fron a 
rabbit after 210 days of inoculation 
with manganese dioxide showing normal 




The normal values of calcium and inorganic 
phosphates in serum are in agreement with those reported 
by Cole and Rapport (1941). The increase in serum 
calcium at 180 days (9,33 mg/l00 ml), decrease in serum 
inorganic phosphates at 120 days (3,84 mg/lOO ml) and 
alkaline phosphatase at 60 days are significant findings, 
However, the mechanism of these alterations is not clear, 
The first possibility of hypercalcemia appears to 
be hyperparathyroidism in which there is increased PTH 
secretion, PTH produces- bone resorption, the exact 
mechanism of which is not known, A current concept is that 
PTH acts in some manner to increase the number of osteo-
clasts which play a role in bone destruction. The 
exact mechanism of osteoclastic activity is not known 
(Turner, 1968), The number of osteoclasts have also 
been considered as morphologic indication of parathyroid 
activity (Talmage et al.t 1957; Talmage and Kraintz, 1961; 
Toft and Talmage, 1960), Increased PTH, therefore, 
results in increased serum calcium and urinary excretion 
of calcium and phosphates. Prolonged high level of PTH 
produces profound effects upon osseous system. The areas 
of bone denuded of calcium are replaced by fibrous tissue, 
This condition is referred as osteoporosis or r&refaction, 
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However, there were no sign of parathyroid hyper-
trophy and rarefaction in bones of manganese treated 
rabbits* Besides, low alkaline phosphatase activity 
also does not favour hyperparathyroidism, 
Similar to manganese other elements like magnesium, 
sodium, fluoride and strontium are known to occur 
naturally in bones. The radioactive calcium, strontium or 
sodium ions in the body fluids may displaoe bone calcium, 
The radioactive manganese also rapidly disappears 
from the circulation and is deposited in the bones 
(Greenberg and Campbell, 1940; Fore and Morton, 1952; 
Britton and Cotzias, 1966). The possibility, therefore, 
arises that in manganese toxicity temporarily high serum 
manganese may replace bone calcium with the result that 
serum calcium is increased. Since an increase in serum 
calcium will disturb Ca++ x HPo" (solubility product), 
phosphate may be excreted via kidneys thus leading to 
hypophosphatemia. Therefore, this second possibility of 
calcium mobilizing ability of manganese can not be ruled 
out, 
The third possibility is that manganese entering 
into the gastrointestinal tract through bile may akter 
the pH and interfere with the phosphate absorption. The 
gastrointestinal tract assumes great significance in 
manganese toxicity as even inhaled manganese reaches to 
the intestines (Mena et al., 1969), The metals like 
iron, berryllium lead, manganese, aluminium and strontium, 
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form insoluble phosphates in the gastrointestinal tract 
and interfere with the absorption of phosphates 
(Cantarow and Trumper, 1965). The excess of manganese 
into the intestines may possibly form insoluble 
phosphates thus interfering with phosphate absorption 
leading to hypophosphatemia. It is also predicted that 
since calcium absorption takes place in acidio medium, 
manganese may have possibly changed intestinal pH 
favourable for excess calcium absorption, leading to 
hypercalcemia. 
Manganese is known to produce kidney damage in 
rabbits (Chandra, Imam and Nagar, 1973; Imam and 
Chandra, 1974), which may increase phosphates excretion 
leading to hypophosphatemia. 
Among all the possible mechanisms discussed for 
the hypercalcemia and hypophosphatemia, the low alkaline 
phosphatase activity does not favour the possibility of 
increased parathyroid activity. Besides, gastrointestinal 
injury by excess of manganese has also been reported 
(Chandra and Imam, 1973) suggesting its altered 
secretive and absorptive functions. Therefore, 
possibility of gastrointestinal involvement or oalcium 
mobilizing ability of manganese, assume great significance 
in relation to the present findings. 
The examination of the red and white blood cells 
count, differential v'BC count, serum calcium and blood 
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manganese collectively have been proposed of use in 
clinical diagnosis of manganese poisoning (Suzuki, 1960). 
The biochemical changes in manganese inoculated 
rabbits are typical of manganese poisoning and are not 
known to occur in any other disease. Thus, increased 
serum calcium and desceesed serum inorganic phosphates 
and alkaline phosphatase assume great significance in 
early diagnosis of manganese poisoning. 
GENERAL DISCUSSION 
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The present studies indicate that kidnej and 
testis are among the organs which are affected in 
manganese toxicity. The alterations vary from the early 
histoenzymic alterations to the histomorphological changes 
in the later stages of manganese toxicity. The changes 
are slow and progressive and may lead to complete 
functional disturbance of these organs i.e. secretive 
and absorptive renal dysfunction and infertility due to 
testicular incompetence to produce germ cells. 
From the account of general toxic action of 
various metals discussed by various authors (Passow et al., 
1961; Weinberg, 1962; Slater, 196S) it can be concluded 
that like other metals manganese primarily alters the 
cell physiology by inhibiting important enzyme SDH in 
the early manganese toxicity. It is evident from the 
present studies that manganese which is known to be 
accumulated in mitochondria (Cotzias, 1958) first 
inhibits S1HT, thereby leading to mitochondrial dysfunction 
and slow metabolism which in turn affects the entire 
cellular functions and results in dimunition of the 
activity of various other enzymes. Such cell dysfunction 
leads to cell damage ind death. The increase in acid 
phosphatase in kidney and testis is indicative of 
changes tending to cause cell degeneration. 
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From the histoenzymic changes observed it is 
concluded that the initial site of action of manganese 
is the proximal tubular epithelium in kidney and the 
seminiferous epithelium in testis. In later stages the 
interstitial tissue of testis also seems to be involved 
because increased activity of G-6-Pn and 3-/3-OTTSD are 
suggestive of the effect of manganese on steroidogenesis, 
The changes in histomorphology of kidney and 
testis are secondary to physiological changes in their 
cells. The histomorphological changes are common 
pathological changes observed in these organs under 
the toxic influence of various other toxic substances. 
The calcium salts deposited in the testis of manganese 
treated animals is the normal dystrophic calcification 
secondary to tubular degeneration. 
The biochemical alterations in serum calcium, 
inorganic phosphates and alkaline phosphatase found are 
of diagnostic value in early cases of manganese toxicity, 
It seems reasonable to believe from the evidence 
available that the parathyroid gland is not involved in 
the changes observed because these glands did not show 
hypertrophy. It is, therefore, concluded that manganese 
may mobilize bone calcium leading to hypercalcemia* The 
renal damage observed is suggestive of increased 
phosphate diuresis leading to hypophosphatemia. 
CHAPTER IV 
GRNKIUL SUMMAHY AM)> REFLECTIONS 
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Nomal healthy wale adult rahhlta (Oryctolagua 
cuniculua) and aala albino rata (Battua norregicue) wara 
randomly aalaoted from tha Indaatrlal Toxicology 
Raaearoh Contra Colony* Tha average weight of rabbita 
and rata waa 1.5 kg and 200 gran* reapectlvely. Tha 
anlnale wara divided Into varioue groupa. Too normal 
aalnala kopt aa noraal control a ware given no traatnant 
whereaa, controla wara given traatnant with phyaiological 
aalina through tha reapective route. Tha experluental 
rabbit a wara aithar given dally injeotiona of annganaaa 
ehlorido (linCl2««H20) through lntravenoua roota (3.5 ng/ 
0.5 nl phyaiological aallna/kg) or lnooulatad with 
alngla doaa of aanganaaa dioxide (Mn02) duat (5 /u) 
intratracheally (400 ag/l.5 nl phyaiological aallna/kg). 
Tha axparlnantal rata wara given dally injectlone of 
aanganaaa ehlorido (MnClg.aHgO) through intraperitoneal 
routa (8 ug/l.O nl phyaiological aallna/kg). 
Tha work praaantad in thia theaie iacludaa 
early hietoansyaie atudiaa on kidnaya and taataa of 
rahhlta, datailad hiatonorphologlcal atudiaa on kidnaya 
and taataa of rabbita and rata and blochenlcal atudiaa 
on aerun calclun, Inorganic phoaphataa and alkaline 
phoephataae in rahhlta. Tha hlatoaorphologlenl atudiaa on 
bonea and parathyroida in later aalnala wara alao 
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conducted simultaneously in an effort to understand the 
mechanism of alteration of serum calcium, inorganic 
phosphates and alkaline phosphatase* 
Studies on kidneys were conducted because they 
are rich in mitochondria and are known to accumulate 
high concentration of manganese in these organelles. 
Testes which are known to be vulnerable to the action of 
most of the chemicals including manganese, were studied 
because of paucity of knowledge about the toxicity 
effects and mechanism of action of manganese on this 
organ. In both these studies emphasis was laid on the 
histoenzymic changes which explain the possible 
mechanism of action of manganese on kidney and testis. 
In kidneys, the first enzyme to be inhibited 
was succinic dehydrogenase (SDH) on 4th day after manganese 
chloride administration through intravenous route. The 
loss of activity was found in the cells of proximal 
convoluted tubules. In later stages the inhibition of 
the activity of other enzymes like glucose-6-phosphatase 
(G-6-Pase), adenosine triphosphatase (ATiJase), alkaline 
phosphatase and monoamine oxidase (MAO) was also found 
in the different parts of the nephron. The activity 
of acid phosphatase was, however, found to be increased, 
Similarly in testis the enzyme SPH was found to 
be inhibited in the epithelium of seminiferous tubules 
on 5th day after daily injections of manganese chloride 
through intravenous route. This change was followed, 
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with the loss of the a c t i v i t i e s of other enzymes at 
l a t e r periods of the experimentation. The enzymes to 
be affected l a t e r were NA!M-diaphorase (MADUD) and 
glucose-6-phosphate dehydrogenase (G-6-il)). Acid 
phosphatase a c t i v i t y was found to be increased in the 
seminiferous epithelium at 30 days. The enzyme G-l-PD 
in the i n t e r s t a t i a l t i s sue was found to be increased at 
15 days whereas 3 - /3-hydroxysteroid dehydrogenase 
(3-/3-CMS ) a c t i v i t y also showed an increase at 30 days. 
The histoenzymic s tudies on kidney and t e s t i s 
have conclusively shown that STVI1 i s the f i r s t enzyme 
which gets inhibited by the act ion of manganese. SDH 
which is a mitochondrial enzyme is involved in the 
energy production of the c e l l . Manganese accumulation 
in mitochondria and inh ib i t ion of Sf>H conclusively 
indicate that excess of manganese in the mitochondria 
produces, d i r ec t inh ib i t ion of the enzyme SDH. The 
early toxic effect of manganese on the body t i s s u e , 
there fore , seem to be due to the affect of manganese 
on the energy production of the c e l l s , with the resu l t that 
the ce l l metabolism is slowed down and follows the 
decrease in the ac t iv i ty of other enzymes, and f inal ly 
ce l l degeneration. 
The increased a c t i v i t y of G-6-t"» and 3-/3-0?TSl) 
which are the two important enzymes in s teroid 
biosynthesis may indicate effect of manganese on s teroid 
biosynthesis in the t e s t i c u l a r t i s s u e . This effect may 
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either be due to excess of manganese or it may be merely 
a consequence of increase in the interstitial tissue due 
to shrinkage of tubules. 
It is evident from the above studies that in 
early stages of toxicity manganese interferes with the 
energy production of seminiferous epithelium while in 
the later stages it may also affect the steroidogenesis. 
The histomorphological changes in kidney and 
testis were studied after daily intravenous injections 
of manganese chloride and single intratracheal inoculation 
of manganese dioxide in rabbits and daily intraperitoneal 
administration of manganese chloride in rats. 
In kidneys the earliest changes were congestion 
of glomeruli and small haemorrhages in the interstitial 
tissue. In later stages degeneration of tubular epithelium 
and necrotic changes in glomeruli with complete 
obliteration of Bowman's capsule, endothelial hyperplasia 
of glomerular capillaries and thickening of Bowman's 
capsule were the changes of common occurance. Besides, 
focal areas of interstitial fibrosis and collection of 
inflammatory cells were also observed. In chronic 
cases rabbit kidneys had tuberculated surface resembling 
to chronic nephritis. 
In testis, histomorphological changes >bserved 
wede arrested spermatogenesis and slight de nerative 
changes in early stages of toxicity. In chronic toxicity, 
wide spread degeneration of seminiferous epithelium with 
loss of spermatids, spermatocytes and spermatogonia 
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and formation of giant cells with only a single layer 
of Sertoli cell lining the tubular lumen were observed. 
The tubules were collapsed and their tubular pattern 
was destroyed. The calcium deposition observed in the 
seminiferous tubules was dystrophic in nature i.e. it 
was deposited in the degenerated tubules as a normal 
mechanism. These changes mre suggestive of the 
development of complete infertility in chronic 
manganese toxicity. 
The biooheffilcal itudies in the serum obtained 
from rabbits at different periods after intratracheal 
administration of manganese dioxide showed increased 
serum calcium and reduced inorganic phosphates and 
alkaline phosphatase levels. 
The changing values of serum calcium, inorganio 
phosphates and alkaline phosphatase increased with the 
lapse of time* The histomorphological examination of 
bones and parathyroids did not show any abnormality. 
The absence of parathyroid hypertrophy indicates that 
this gland is not involved in the increased serum 
calcium found in the manganese treated rabbits. Besides, 
the low level of serum alkaline phosphatase also does 
net, suggest parathyroid involvement because in 
parathyroid hypertrophy serum level of this enzyme ia 
increased. It is suggested that increase in serum 
calcium may be possibly due to the calcium mobilizing 
ability of manganese from the bones. But. the absence 
of histomorphological evidence of bone rarefaction,as 
otherwise expected after mobilization of bone calcium,, 
may be too early to be expected because such signs may 
not appear in an early stage. It is also suggested 
that the decrease in serum inorganic phosphates may 
be either due to the interference of the manganese 
excreted in the gastrointestinal tract with the 
phosphates absorption or due to intteased phosphate 
diuresis due to the renal damage observed in manganese 
toxicity. 
The present studies have conclusively shown 
that in early stages of manganese toxicity SPH is 
inhibited prior to any histomorphological damage 
observable by light microscope. From the histoenzymic 
changes observed it is evident that inhibition of SPH 
may lead to mitochondrial dysfunction and s-iow 
metabolism which may in turn result in dimunition of 
the activity of various enzymes and affect the entire 
cellular functions. Such cellular dysfunction probably leads 
to cell damage and death as evident from the increase 
in acid phosphatase activity observed in testis and 
renal tissue of manganese chloride injected rabbits. 
Further, the present studies have shown that 
manganese primarily affects the sperm producing function 
of the testis without disturbing the steroidogenesis ,in 
the <»ai*ly stages of toxicity. 
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The biochemical changes in serum calcium, 
inorganic phosphates and alkaline phosphatase in manganese 
treated rabbits, have opened a field of further 
investigation. on the significance of serum calcium 
inorganic phosphates and alkaline phosphatase in 
early diagnosis of manganese toxicity. 
CHAPTER V 
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Summary 
In rabbits intravenous injection of manganese chloride (3.5 mg/kg) over a period of G weeks in-
duced histoenzymic and histological alterations in the renal tissue. There were patchy areas showing 
loss in activity of succinic dehydrogenase after 4 days of injection. The activity of ATPase and glu-
cose-6-phosphatase was inhibited in focal areas of the renal cortex after 8 days while reduction in 
activity of alkaline phosphatase and monoamine oxidase occured at day 30. The acid phosphatase 
activity was increased in the cortex by 30 days. Histologically the earliest changes in the form of 
irregular areas of degeneration of the proximal convoluted tubules were noted on day 16. These 
laterations suggest that manganese chloride inhibits succinic dehydrogenase activity, leading to the 
alteration of other enzyme systems and eventual cell destruction. 
CASAMAJOR (1913) reported the presence of interstitial nephritis in a worker who died 
after chronic manganese intoxication. Occurence of renal lesions in a wide variety of animal 
species after manganese administration have been noted by a number of authors (FINDLAY 
1924, HANDOWSKY et al. 192o, MATSAMURA 1933). 
Recently JONEK et al. (1965) studied histochemical changes in renal tissue of rabbits 
during chronic manganese intoxication. The investigations regarding early histochemical 
alterations are essential to understand the mechanism of renal lesions produced by man-
ganese. This study was undertaken, therefore, to get knowledge on the histochemical changes 
occuring earlier than the established renal injury. 
Material and methods 
Preliminary histochemical studies to assess normal distribution of enzymes were undertaken in 
the kidneys of 6 normal male rabbits of I.T.R.C. stock. Thereafter the experiment was conducted 
on 48 male rabbits of an average weight of 1.5 kg (similar stock). They were kept on the standard 
pellet diet from Lever Brothers (India) Ltd. and water ad libitum. These animals were divided 
into 3 groups. Group I consisting of 12 rabbits were kept as normal control. Group II consisting of 
12 rabbits were injected with tuberculin syringe 0.5 ml of normal saline by the ear vein daily up to 
60 days and group 111 consisting of 24 rabbits were injected in the similar manner with 3.5 mg 
MnCl, • 4 H20/kg dissolved in 0.5 ml normal saline daily upto the same period. 3 animals from 
Group I and II each and 6 animals from group III were sacrificed by injecting air into the ear vein 
at days 4, 8, 16, 30 and 60. The kidneys were removed at once and washed with ice cold normal 
saline and divided into 2 longitudinal halves by a sharp razor blade. Small pieces were cut longitu-
dinally from each kidney and treated in 3 different ways: 
a) Unfixed pieces were directly mounted on to microtome chucks and kept at — 20 °C. Sections 
5 to ti/im thick were cut in cryostat and afterwards directly mounted on cover slips and dried in air 
at room temperature (27 °C) for about 30 miutes for enzymic and other histochemical studies. The 
activity of the enzymes adenosine triphophatase (PADYKULA and HERMAN 1955), glucose-6-phos-
phatase (WACHSTEIN and MEISEL 1956), succinic dehydrogenase (NACHLAS et al. 1957) and mono-
amine oxidase (GLEXXAR et al. 1957) were demonstrated histochemically'. Controls were studied for 
these enzymes by incubating the sections in respective incubating media without specific substrate. 
Alternate sections were stained with hematoxylin and eosin. Fresh frozen sections were stained 
with PAS, Sudan black and oil red 0. 
144 
hi Thin pieces were fixed in chilled 1 " 0 calcium formol solution for 24 hours at 4 ('. Then they 
were removed from the fixative, rinsed in 3 changes of 5 % sucrose, blotted gently and placed in gum 
sucrose at 4 °C for another 24 hours. 8 to 10//m sections were cut and tranfcrred to the incubating 
medium for demonstration of the activity of acid phosphatase (GOMOW 1941). 
c) Small pieces were fixed in cold buffered formalin (4 °C) for 18 hours. Sections (8 to 10//ml 
were cut in cryostat, mounted on cover slips and dried in air. Sections were then incubated for 
alkaline phosphatase by the method of (JOJIOKI (111:!!)). Tissues fixed for a longer period (48 hours) 
were dehydrated in graded alcohol, cleared in toluene and embedded in paraffin. Sections of 4//m 
were cut and stained with hematoxylin and eosin. PAS, alcian blue-l'AS, I'TAll (MeM.vxrs and 
MowiiY 19(55). 
Nrsillh-
There were no deaths in the ent i re course of (i() days exper imenta t ion . 
il a c r o s e o pi c e x a in i 11 a t i o n 
The kidneys of the rabbi ts of group I and II th roughout the exper iment and those of 
group IIJ sacrificed upto 8 days appeared normal. At day Hi the kidneys of group 111 
animals were congested, on cu t t ing into 2 longi tudinal halves, the cort icomedullarv junct ion 
was distinct and the medulla was hyperemic. At day HO blurring of the cortical pa t tern and 
corticomedullarv junct ion was noted. The kidneys of rabbi ts of the same group sacrificed 
after 00 days were contracted with finely granular surface, cort icomedullary junct ions were 
ill defined. 
H i s t til ogi ca I e x a mi n a t i o n 
T in ' sec t ions from kidneys of animals of group I and group II did not show anv abnorma-
lity th roughout the exper iment . The minor histological changes in manganese t reated ani-
Fig. 1. Renal cortex of rabbit, after manganese chloride (3.5 mg/kg) administration for (50 days, 
showing tubular destruction and cortical fibrosis. IIP], x 225. 
10 Exp. Path. Bel. 9, H. 3 ^ 4 5 




» • / • • , - . 
* = * ' • ' +2 - f a ? 
. - • • 
Fig;. 2a. Renal cortex of control rabbit showing activity of succinic dehydrog 
IM;I. '-b. Renal cortex of rabbit, after manganese chloride (3.o mg/kg) admi 
showing loss of activity of succinic dehydrogenase from patchy areas of innei 
{(i days, 
14(i 
nulls (group 111) appeared first mi the 8tli day in the form of marked congestion in the 
glomerular tuft and small hemorrhages in the interstitial tissue. After 1(! days .slightly ragged 
appearance of the cells of the proximal convoluted tubules, slight increase in interstitial tis-
sue and increased lymphocytic infiltration were observed. At day 30 irregular areas of 
tubular destruction were seen. Remnants of atropine tubules were lying within increased 
interstitial tissue containing a few chronic inflammatory cells. Occasional tubules were 
dilated with flattened lining cells. The areas involved were irregularly situated deeper in 
the cortex. The glomeruli appeared normal. At places medullary tubules were surrounded 
by chronic inflammatory cells. At day lit) moderate tubular destruction leading to cortical 
fibrosis was observed (fig. 1). There was crowding together of glomeruli, some of the irlnme-
ruii showed shrunken tufts with dilated capsular space. 
His t oeuzy mic o b s e r v a t ions 
1. Succ in ic d e h y d r o g e n a s e . The activity of succinic dehydrogenase in group 1 and 
group II animals was seen in the form of intense bluish black deposits of formazan in the 
proximal convoluted tubules. The collecting tubules exhibited slight activity while glome-
ruli and larger collecting tubules did not show any activity. The patchy areas of inhibition 
of the activity in proximal convoluted tubules was observed as early as 4 days after manga-
nese administration in group H i animals. ^larked loss of activity was observed from patchy 
areas of cortex on day l(i while the maximum loss was seen after HO days of manganese ad-
ministration (figs. 2a and 2b). 
2. M o n o a m i n e ox idase . In group I (control) and group II monoamine oxidase acti-
vity "was observed in various regions of the nephron. Convoluted tubules around the glome-
ruli showed a faint reaction, with still lower activity in collecting tubules. The medullary 
portion with small transactions of the ascending limb of the loop of llenle showed intense 
activity in the form of small purple formazan grannies in the cytoplasm of the cells. In 
group III animals the activity of monoamine oxidase was diminished all through the sec-
tion. The medullary region also showed loss of activity in the ascending loop of Henle. 
3. Adenos ine t r i p h o s p h a t a s e . In group I and II animals the distribution of the 
activity of adenosine triphosphatase was seen in all the tubules. The glomeruli did not show-
any activity. In group III patchy areas of loss of activity were observed in certain tubules 
mainly in the ascending loop of llenle after 8 days of manganese administration. The loss 
of activity was more marked with the increase in time (figs. 3a and 3b). 
4. (i I ucose-(i- p h o s p h a t a s e . Histocheinical distribution of this enzyme in the rena 
tissue of animals of groups 1 and II was seen in the proximal convoluted tubules while very 
faint reaction was seen in the glomeruli. There was uniform reaction of the enzyme in the 
cytoplasm of the cells of tubules. In the renal tissue of group III animals there were focal 
areas showing a loss of this enzyme from tubules as early as 8 days after manganese admini-
stration. The loss of enzyme was most marked at day 30 (figs. 4a and 4b). 
5. Acid p h o s p h a t a s e . In the animals of group I and II activity of acid phosphatase 
is demonstrable in the form of granules in the proximal and distal convoluted tubules, loop 
of Henle and collecting tubules. Faint activity was seen in the glomeruli. In group 111 ani-
mals there was increased activity of this enzyme in the proximal convoluted tubules in 
focal areas of the cortex. The intensity of staining increased with the time and at dav 30 
focal increase in activity was observed while a few areas showed loss of activity (figs. 5a 
and 5b). 
(i. A lka l ine p h o s p h a t a s e . In the animals id' groups 1 and II the activity of alkaline 
phosphatase was seen in the proximal convoluted tubules. No significant alteration was 
observed in the group IIT animals accepting the patchy areas showing loss of enzvme acti-
vity from degenerated tubules at day 30. 
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Fig. 3a. Renal cortex of control rabbit showing; normal distribution of adenosine triphosphatase 
activity. 22;"). 
Fig. 3b. Renal cortex of rabbit, alter manganese chloride (3.5 mg/kg) administration for 111 days, 
showing loss of activity of ATl'ase from tubules in patchy areas. • 225. 
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Fig. 4,1. Renal cortex of control rabbit, showing normal distribution of gliicose-(l-phosphatase 
activity. i'•_'.">. 
Fig. 41). Renal cortex of rabbit, after manganese chloride (;>.."> nig kg) administration for S ilavs, 




Fig. 5a. Renal cortex of control rabbit, showing normal distribution of acid phosphatase in tubules. 
x800. 
Fig. 5b. Renal cortex of rabbit, after manganese chloride (3.5 ing/kg)'administration for 30 days, 
showing intense activity of acid phosphatase in tubules. x800. 
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Discussion 
The ea r l i e s t hi s toenzy mi c a l t e r a t i o n s in the renal tissue after manganese chloride 
administration appeared at day 4 and were characterized by patchy areas showing loss of 
succinic dehydrogenase activity in the proximal convoluted tubules. The activity of ATPase 
and glucose-O-phosphatase was inhibited in focal areas of the cortex after 8 days while re-
duction in the activity of alkaline phosphatase and monoamine oxidase was noted at day 30. 
The loss of succinic dehydrogenase, ATPase and glucose-O-phosphatase activity was more 
marked with the increase in time and maximum inhibition was seen at HO days. The activity 
of acid phosphatase increased in focal areas of the cortexand the maximum increase in some 
of the proximal convoluted tubules was noted at 30 days. 
H i s t o l o g i c a l l y the earliest lesions were noted at day lb in the form of cytoplasmic and 
nuclear changes in the epithelium of proximal convoluted tubules. Marked tubular degene-
ration and interstitial fibrosis was observed after GO days. Thus in this study it is indicated 
that enzymie alterations in the form of loss of succinic dehydrogenase activity precede histo-
logically demonstrable lesions. Mercury has also been shown to inhibit succinic dehydro-
genase activity earlier than the histological appearance of the lesion in renal tissue (WACH-
STEIX and MICISICL 1054). By ultracentrifuge and biochemical studies it has been shown that 
succinic- dehydrogenase in the cells was limited to the mitochondria (CAMERON 1956). It is 
also well established that manganese gets deposited in the mitochondria. Therefore, it may 
be assumed that damage to the mitochondria represents the direct effect of manganese which 
can lead to cell destruction. Another heavy metal (lead) also produces renal tubular dys-
function which is secondary to mitochondrial damage (SUN et al. I960). The inhibition of 
other enzymes like ATPase. glucose-6-phosphatase and monoamine oxidase appears to be 
the effect on general metabolism of the cell which gets disturbed following the mitochondrial 
damage. It has been observed that succinic dehydrogenase may lead to depletion of other 
enzymes in the cells (MUSTAKALLIO et al. 1950). 
The increase in the activity of acid phosphatase may be due to increased pinocytosis in 
manganese intoxication as has been suggested by Jo NICK et al. (191)6). 
From the present study it appears that manganese produces disturbances of energy 
synthesis of the cell in very early stages leading to other cellular disturbances and eventual 
cell death. 
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Rabbits were injected intratracheal^ manganese dioxide (400 mg/kg). Serum 
calcium, inorganic phosphates and alkaline phosphatase levels were determined at the 
interval of 60 days over a period of 240 days. Simultaneously histological studies 
were carried out in parathyroids, bones and kidneys. A significant decrease in the 
levels of serum alkaline phosphatase, inorganic phosphates and an increase in calcium 
was noted at 180 days. These biochemical alterations occured at a much earlier stage 
than the development of symptoms of manganese encephalopathy which are of great 
significance to detect early toxicity. 
Experimental studies on manganese toxicity from our laboratory have been 
reported earlier.1-5' The present investigation deals with further attempts which 
have been made to detect manganese toxicity earlier than the appearance of 
neurological manifestations. Preliminary observations of a rise in the level of 
serum calcium in parenterally manganese administered animals led us to study 
the significance of serum calcium, inorganic phosphates and alkaline phosphatase. 
It was thought worthwhile to study also the morphological changes in parathyroids, 
bones and kidneys, the organs of importance in the metabolism of blood calcium 
and phosphates. 
MATERIALS AND METHODS 
Male rabbits of I .T.R.C. colony weighing on an average 1.5 kg were used in 
the experiments. The animals housed singly in cages, were given standard diet 
(Hindustan Levers Ltd., India) and water ad libitum. Group I consisting of 18 
rabbits kept as control were injected intratracheally under ether anaesthesia with 
1.5 ml physiological saline and group II consisting of 30 animals were injected in-
tratracheally under ether anaesthesia with manganese dioxide dust (400 mg/kg) of 
particle size below 5 ft suspended in 1.5 ml physiological saline. A batch of 3 
animals from group I and 6 from group II were sacrificed at the interval of 60 days 
upto a period of 240 days. Their blood for biochemical estimations was collected 
from cardiac puncture and serum was separated. Kidneys and parathyroids were 
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dissected out and put in buffered formal saline for routine histology. Long bones 
were dissected and cleaned, after usual decalcification process by the method of 
Pearse6' processed for routine histology. 
Estimations of serum calcium, inorganic phosphates and alkaline phosphatase 
were carried out by the method of Clark and Collip,7' Fiske and Subbarow8' and 
King and Armstrong9' respectively. 
RESULTS 
Blood chemistry 
In our experiments the serum calcium level in control animals was reasonably 
constant. In 18 control animals the mean serum calcium concentration and stand-
ard deviation was 7.43+0.495 mg/100 ml. In rabbits which were injected Mn02 
intratracheally the level of serum calcium remained within normal limits upto 120 
days, at 180 days the mean serum calcium level (9.33+0.244) was significantly 
greater than that in the controls (p< 0.001). Increase in the level was also noted 
(10.2±0.368) at 240 days. 
The mean concentration of inorganic phosphates in serum in 18 control rabbits 
was 4.83±0.309 mg/100 ml. There was significant decrease (3.84±0.134) in the level 
of inorganic phosphates in manganese treated animals at 120 days and there was 
gradual lowering in the level at 180 and 240 days. 
The mean activity with standard deviation of alkaline phosphatase in 18 con-
trol animals was 6.56+1.18 K. A. units. The level of this enzyme showed significant 
decrease even at 60 days in manganese treated animals, the values showed a 
further decline during later periods of experimentation (Table 1). 
Table 1. Serum calcium, inorganic phosphates and alkaline phosphatase in manganese 
toxicity. The mean levels±S. E.M. of (n) determinations are shown. 
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T Significantly differed from control p<0.001. 
Histopathology 
Parathyroids and bones. No gross and microscopic abnormality was observed in para 
thyroids and bones in both the groups. There was no evidence of hyperplasia of 
parathyroid glands as evidenced from the mean weight of one gland in both the 
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At 240 days capsule was slightly thickened and fibrous bands were extending from 
the capsule deep down into the cortex. In the cortex at places fibrous tissue re-
placed the degenerated tubules near the glomeruli. Medulla was congested and 
focal collection of inflammatory cells mainly lymphocytes was seen in the inter-
stitial spaces. 
COMMENTS 
Intratracheal administration of manganese dioxide in rabbits has produced 
significant alterations in the level of serum calcium, inorganic phosphates and 
alkaline phosphatase. Alkaline phosphatase activity was decreased as early as 60 
days, serum calcium showed an increase at 180 days while neurological manifesta-
tions occur after 18 to 24 months in rabbits under similar condition.4' Therefore, 
these tests appear to be of significance in the diagnosis of early manganese toxicity. 
The present report is in agreement with the normal values of calcium and in-
organic phosphates reported by Cole and Rapport,10' show mean values of serum 
calcium and inorganic phosphates in rabbits as 7.43 mg and 4.83 mg/100 ml respec-
tively. In manganese inoculated animals serum calcium was increased to 9.33 mg/ 
100 ml at 180 days, inorganic phosphates was lowered to 3.84 mg/100 ml at 120 
days and serum alkaline phosphatase also significantly lowered at 60 days. 
The mechanism of hypercalcaemia and hypophosphataemia in manganese tox-
icity is not clear although Suzuki et al.n) suggested that it may be of some diag-
nostic value. It appears unlikely that hypercalcaemia was due to bone changes 
because there was no histological evidence of rarification of bones. However, the 
possibility of calcium mobilising ability of manganese can not be ruled out as 
bones may not show morphological alterations in such an early stage. Second 
possibility of such changes may be due to hyperactivity of parathyroids but no 
such evidence was available from histology. The low levels of alkaline phosphatase 
does not favour the possibility of parathyroids hyperactivity. The third possibility 
for hypercalcaemia and hypophosphataemia in manganese intoxication may be the 
role of gastrointestinal tract in absorption of these substances. It has been shown 
that gastrointestinal tract is the major route of entry for the manganese into the 
body even when it is first inhaled.12' Further, metals like iron, beryllium, lead, 
manganese, aluminium and strontium form insoluble phosphates in the gastrointesti-
nal tract and interfere with absorption of phosphates.13' Therefore, the presence 
of excess of manganese in gastrointestinal tract may interfere with phosphate 
absorption which resulted in hypophosphataemia. At the same time manganese 
may also alter the pH of gastrointestinal tract favouring the absorption of calcium 
leading to hypercalcaemia. 
The renal damage observed in the present experiment may cause increased 
phosphate diuresis leading to hypophosphataemia. 
The serum alkaline phosphatase was noted almost 50% lower much earlier 
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groups which was 0.3 mg. No evidence of osteoporosis was seen in the bones. 
Kidneys. Grossly, the kidneys of control animals were normal in size, weight and 
colour throughout the experiment. Kidneys of experimental animals at 60 days 
were swollen and congested, on sectioning the capsule stripped off easily, the 
corticomedullary junction was distinct, medulla was hyperemic and reddish brown 
in colour. At 120 and 180 days kidneys were congested. There was no other 
significant alteration. At 240 days very fine granularity was observed on the 
surface of the kidneys and at places capsule was thickened and adherent to the 
surface. The corticomedullary junction was accentuated and medulla was reddish 
brown. 
On microscopic examination the kidneys of control animals did not show any 
abnormality during the course of the experiment. Sections from the kidneys of 
manganese inoculated animals at 60 days showed marked congestion and small 
haemorrhages in the interstitial tissue. Capillary loops of glomeruli were markedly 
congested and red blood cells were seen lying free in Bowmans space. Marked 
necrosis of mainly proximal tubular epithelial cells was seen with nuclear pyknosis 
or karyolysis, markedly eosinophilic cytoplasm and cellular exfoliation (Fig. 1). 
Fig. 1. Section from kidney of a rabbit 60 days after 
intratracheal inoculation of Mn0 2 (400 mg/kg) 
showing marked congestion and necrosis of 
tubular epithelial cells. 
Haematoxylin & Eosin X630. 
At 120 days congestion was much less than seen at 60 days. Necrosis of proximal 
as well as distal convoluted tubules was seen, cellular outlines were indistinct and 
there was marked vacuolation of the cytoplasm, cellular debris and red blood cells 
were seen lying in the tubular lumen. Further at 180 days there were focal 
necrotic areas and distorted tubules in the cortex with collection of inflammatory 
cells and young fibroblasts. Glomoruli did not show any abnormality excepting at 
few places one or two glomeruli showed complete obliteration of Bowmans space. 
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than the changes in serum calcium and inorganic phosphates. Further work is 
in progress to explain this mechanism. 
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AUSTHACT 
Early histoenzymic a l t e r a t i o n s in the t e s t i c u l a r t issue 
of rabbits a f ter da i ly administration of 3.5 mg/kg MnClo.4!Io0 
were s tudied. .Manganese was found to inh ib i t succinate 
dehydrogenase a c t i v i t y in the seminiferous tubules at f ive days 
when no morphological a l t e r a t i o n was observed in these tubules, 
The e a r l i e r disturbance, being in the energy s y n t h e s i s , results 
in slower metabolism in the c e l l s leading to inh ib i t i on of 
glucose-6-f hosphate dehydrogenase and XAPff-diaphorase. Manga-
nese i n i t i a l l y seems to a f f ec t the germinal function of the 
t e s t i c u l a r t i s s u e without dis turbing s t ero idogenes i s . The 
key enzymes in s t ero id b i o s y n t h e s i s , 3 /3-hydroxysteroid and 
glucose-6-phosphate dehydrogenase, remain unaffected in the 
i n t e r s t i t i a l t i s s u e in early s tages of t ox i c i ty* The increase 
in the a c t i v i t i e s of these enzymes at l a t e r periods of 
manganese t o x i c i t y may be considered merely a consequence 
of the shrinkage of tubules r e s u l t i n g in an apparent increase 
of i n t e r s t i t i a l t i s s u e . I t was concluded that manganese in 
early s tages of t o x i c i t y a f f e c t s the germinal function of the 
t e s t e s by in ter fer ing with the energy synthes i s in the c e l l s 
of the seminiferous tubules . 
INTRODUCTION 
Manganese, an important industrial metal, has been 
shown to produce marked degenerative changes in the semini-
ferous tubules of testes in rat and rabbit (Chandra, 197i; 
Chandra et al., 1973). These alterations are accompanied by 
decrease in the activities of adenosine triphosphatase (\TPase 
succinic dehydrogenase (SDH) and acid phosphatase in testi-
cular tissue of manganese administered rabbits (Chandra et al. 
loc. cit.; Seth et al., 1973). The histopathoiogicai and 
biochemical alterations lead to sterility which occurs much 
earlier than the encephalopathy produced by the chronic 
administration of this metal in experimental animals 
(Chandra et al., loc, cit.; Chandra, 1972). 
Large number of chemical agents affect testicular 
aiorphology, physiology and biochemistry but our knowledge 
of the mechanism of specific action of these chemicals on 
this tissue remains meager. It is difficult to attach any 
significance to the biochemical alterations in an organ 
undergoing degeneration. In order to understand the 
mechanism of manganese induced testicular injury, the only 
possibility seems to search for such biochemical alterations 
which occur prior to any marked morphological damage. The 
present studies are, therefore, conducted to examine 
histochemically the early effects of manganese on 
testicular enzymes in order to provide with the clue* to 
the biochemical site initially affected by this metal. 
-2-
METHODS 
Animals - Male rabbits (average weight 1.5 kg) from the 
Industrial Toxicology Research Centre colony were divided 
randomly into three separate groups. Group 1 of 12 rabbits 
served as controls and received no treatment. Twelve 
animals of group 11 were administered daily by intravenous 
injection with 0.5 ml of physiological saline for 30 days 
and group III comprising of 24 rabbits were given daily 
by similar route with 3.5 mg/kg of manganese chloride (tonCl*-,. 
4IU0) dissolved in 0.5 ml of physiological saline for the 
same period. All animals were individually housed in cages 
in an air-conditioned animal house, provided with 
nutritionally adequate diets (Hind lever Laboratory Animal 
Feeds, India) and water ad libitum. Three rabbits from 
Groups 1 and 11 each and six animals from group 111 were 
sacrificed by injecting air into ear vein at 5, 10, 15 
and 30 days. They were then examined at necropsy for gross 
pathological changes and subsequently for histoenzymic 
and histomorphological alterations in testicular tissue. 
??istoenzymlc studies 
Testis removed immediately were treated in three 
different ways (a) small unfixed pieces were directly 
mounted on to microtome chucks and kept at -20°C. Sections 
5-fyu thick were cut in cryostat which were then mounted 
on cover slips and dried in air at romm temperature (27°C) 
for about 30 minutes. The activity of enzymes succinate 
dehydrogenase (s;.C. 1.3.99.1., Nachlas ejt al., 1957), 
KAim-diaphorase (K,C. number not allocated, Pearse, 1972)^, 
and 3 /3-hydroxysteroid dehydrogenase (U.^. 1.1.1.31., 
lattenberg, 1958) were demonstrated histocheraically. 
Controls were studied for each enzyme by incubating 
the sections in the respective incubating media without 
the respective substrate. Alternate sections were 
stained with hematoxylin and eosin (b) Thin pieces 
were fixed in chilled Is' calcium formol solution for 
24 hours at 4°. They were then transferred to 3\ 
sucrose solution and rinsed in three changes of the same 
solution. Finally tissues were transferred to gum 
sucrose at 4° for 24 hours. Floating sections S-10/u 
were cut in cryostat and incubated for acid phosphatase 
activity (L'.c. 3.1.3.2, Gomori, 1941). (c) Small pieces 
of tissues were fixed in 10" buffered formalin at 4° 
for 18 hours. Frozen sections were cut and the activity 
of alkaline phosphatase (E.C. 3.1.3.1.) was demonstrated 
by the method of Gomori (1939). 
The rest of the pieces of all testis were fixed 
in 1(K buffered formalin. Fixed tissues were processed 
for paraffin sections, cut at 5/u and stained with 
hematoxylin and eosin (H & E) and the periodic acid 
Schiff reaction (McManus and *iowry, 196>>. 
HKSULTS 
None of the animals died during the course of the 
experiment. At necropsy, there were no grossly visible 
lesions in the testis of animals used in this study. 
Examination of tissue sections, stained with H & E, 
of control animals at different periods and of manganese 
administered rabbits upto ten days revealed an orderly 
arrangement of germ cells in the seminiferous tubules 
and sparsely cellular strands of interstitial cells of 
Leydig (Fig. 1). Testes of the manganese treated group 
examined at 15 days after injection showed degenerative 
changes in some of the tubules with no evidence of 
spermatogenesis. These groups of degenerated tubules 
were lying in between the groups of seminiferous tubules 
having normal cellular components. Interstitial tissue 
did not show any change. Sections of the testes of 
manganese administered rabbits examined at 30 days 
showed groups of large number of tubules lined by a 
single layer of cells consisting mainly of Sertoli 
cells and a few spermatogonia, at places defeneration 
and desquammation of seminiferous epithelium was seen. 
Interstitial tissue showed slight fibrocytic reaction 
(Fig. 2). 
Enzyme histochemistry 
1. Dehydrogenases - The relative activities of 
dehydrogenases in testis at various intervals after 
manganese chloride administration are shown in Table 1. 
(a) Succinate1 Dehydrogenase - Moderate activity of SDH 
was found to be distributed throughout the seminiferous 
epithelium and in the interstitial tissue of control 
and physiological saline treated rabbits. \ considerable 
Uistoenzyraic a l t e r a t i o n s in rabbit t e s t i s produced 
by the administration of manganese ch lor ide . 
Table I 
Relative changes in the activity of dehydrogenases 
in testicular tissue of rabbit after manganese 
chloride administration. 
Enzymes Test icular 
t i s sue 
Control Days a f t er manganese 
administration 
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decrease in the activity of 5IW was observed at places 
from tubular epithelium at o days after manganese 
administration (Figs. 3 .*» 4). The number of affected 
tubules was much larger with the advancement of time 
and at 30 days there was almost complete loss of 
activity from epithelial cells of almost all the tubules 
while no change was noticed in the interstitial tissue. 
(b) Glucose-6-Phosphate Dehydrogenase (f]-6-^ ) - The 
activity of this enzyme was distributed in the tubular 
epithelium as well as in the interstitial ceils of testis 
of groups i and II animals. No change in the activity 
of u-6-*"' in the testicular tissue was observed upto 
ten days while marked decrease in the activity of this 
enzyme from tubular epithelium was noticed at 15 days 
after manganese treatment. \t this period an increase 
in the activity of G-fl-r»' was seen in the interstitial 
tissue (Figs. 5 \ Q). There was complete loss of 
activity from tubules at 30 days but the intensity of the 
activity remained sane in the interstitial tissue as 
seen at 15 days. 
(o) 3 /3-Hydroxysteroid Dehydrogenase (3 /3-0ffSP) -
Moderate activity of this enzyme was observed in the 
interstitial cells of testes of rabbits in groups 1 and 
11. No alteration in the activity of 3 /3-0HSJ> was 
seen upto 15 'ays of manganese administration while the 
activity was increased at 30 days post injection 
(Figs. 7 & 8). 
2. NADfi-niaphflrase - The activity of this enzyme was 
located mainly in the seminiferous tubules, some activity 
was also seen in the interstitial cells of testis in animals 
of groups I & 11. There was appreciable loss of 
activity of NADH-diaphorase enzyme from groups of 
seminiferous tubules after 15 days of manganese 
administration (Group III). This change was more marked 
at 30 days and at this time reduction in the activity 
was also seen in the interstitial tissue (Figs. 9 & 10). 
(3) Acid Phosphatase - In the animals of groups I and 
II the activity of acid phosphatase is mostly demonstrable 
in the form of granules in the epithelial cells of 
seminiferous tubules. In group III animals similar 
activity is seen upto 15 days, the intensity of which 
increased significantly at 30 days. 
( 1} Alkaline '^osphatase - Intense activity of 
alkaline phosphatase was observed in the interstitial 
tissue of groups I k II animals. The tubular epithelium 
was almost devoid of any activity in both the groups. 
In group III animals the reaction of this enzyme 
remained same throughout the experiment. 
DISCUSSION 
Testes serve two distinct but related functions 
in the reproductive life of adult male, germinal and 
endocrine functions performed by seminiferous epithelium 
and Leydig cells respectively (Johnson et al., 197 0). 
succinate dehydrogenase in seminiferous tubules. 
Manganese is known to get accumulated in the 
mitochondria (Cotzias, 1959). Succinate dehydrogenase, 
responsible for energy synthesis, is a mitochondrial 
enzyme, therefore it seems quite reasonable to assume 
that manganese exerts direct inhibitory effect on this 
enzyme by its excessive concentration in this subcellular 
organelle. In our experiments the enzyme inhibition 
occurs only in the seminiferous epithelium, whether this 
is due to manganese accumulating more in the mitochondria 
of these cells needs further investigations. It may be 
possible that Leydig cells are more resistant to the 
action of this metal. 
4s a result of initial selective disturbance in 
energy synthesis, the other enzymes also get affected 
due to slow metabolism in the cell. It has been noticed 
that glucose-6-phosphate dehydrogenase and NA H-diaphorase 
get inhibited in seminiferous tubules at 15 days after 
manganese administration. Later seminiferous epithelium 
undergoes degenerative changes leading to further 
inhibition of these enzymes. Almost no activity of 
succinate dehydrogenase, glucose-6-phosphate dehydrogenase 
and NAJW-diaphorase is observed at 30 days after treatment. 
Decreased activity of succinic and lactic dehydrogenases 
and DPH diaphorase in seminiferous tubules have been 
noticed after cadmium treatment (Dimow & Knorre, 1967) 
but it was suggested that this was a secondary reaction 
from loss of nutritives following interference with the 
testicular blood supply. Manganese does not seem to 
effect the vascular system initially as no change in the 
activity of alkaline phosphatase was seen in our 
experiments* 
the increased activity of acid phosphatase in 
tubules after manganese administration may be due to 
increased plnocytosis as suggested by Zonek et al, (1966). 
They observed increase of acid phosphatase activity in 
:.he cerebellum of manganese administered rabbits, ";e 
have also reported increased activity of acid phosphatase 
in the intestinal mucosa of manganese treated animals 
(Chandra and Imam, 1973). The activity of this enzyme 
gets inhibited in brain and testis after prolonged 
exposure to manganese (Chandra 1972 and Seth et al., 1973), 
3 /3-ilydroxysteroid and glucose-6-phosphate 
dehydrogenases are important enzymes in steroid 
biosynthesis, their increased activity in the inter-
stitial tissue at later periods of manganese intoxication 
may be considered merely a consequence of the shrinkage 
of tubular components of the testis resulting in an 
apparent increase of interstitial tissue. Further 
studies on various other enzymes $Rd determination of 
manganese contents in two different testicular components 
may better explain the mechanism of action of this metal 
on testis, 
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LEGENDS 
Figure l : Photomicrograph of the t e s t i s of a rabbit 
treated with manganese chloride (3 .5 mg/kg/day 
i . v , ) for 10 days. Note the normal structure 
of the seminiferous tubules and in ters t i t ium. 
M & V X 225, 
Figure 2. Photomicrograph of the testis of H rabbit 
treated with manganese chloride (3.5 mg/kg/day 
iv) for 30 days. Note marked damage to the 
seminiferous epithelium. H & E X 225, 
Figure 3: Succinate dehydrogenase activity in a control 
testis. There is moderate activity in the 
seminiferous tubules and in the interstitial 
cells, X 900. 
Figure 4: Succinate dehydrogenase activity in the testis 
of a rabbit treated with manganese chloride 
(3.5 mg/kg/day iv) for 5 days. Note marked 
decrease in the activity from the tubules. 
X 900. 
Figure 5: Glucose-6-phosphate dehydrogenase activity in 
a control testis. Moderate activity is seen 
in the seminiferous tubules and the inter-
stitial cells. X 225. 
Figure 6: Glucose-6-phosphate dehydrogenase activity 
in testis of a rabbit treated with manganese 
chloride (3.5 mg/kg/day iv) for 15 days. N0te 
the decreased activity in the tubular epithelium 
and increased activity in the interstitium.X 225, 
Figure 7: 3-/3-!!ydroxysteroid dehydrogenase activity in 
a control testis. Only the interstitial 
cells show moderate activity. X 900. 
Figure 8: 3-y3-Hydroxysteroid dehydrogenase activity in 
the testis of a rabbit treated with manganese 
chloride (3.5 mg/kg/day iv) for 30 days. 
Activity is markedly increased in the inter-
stitial cells. X 900. 
Figure 9: XADH-Diaphorase activity in a control testis. 
The activity is mainly located in the semini-
ferous tubules, some activity is also seen 
in the interstitial cells. X 225. 
Figure 10: NADTI-Uiaphorase activity in the testis of a 
rabbit with manganese chloride (3.5 mg/kg/ 
day iv) for 15 days. Note the appreciable 
loss of activity from the tubular epithelium. 
X 225. 
